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carried in the hydrocarbon fluids. As such, 1 WO 03/064811 PCT/USQ3/01742
20 Also, if the particulate matter is produced to the surface, it must be removed from the

hydrocarbon fluids using surface processing equipment.

One method for preventing the production of such particulate material is to gravel pack
the well adjacent to the unconsolidated or loosely consolidated production interval. In a typical
gravel pack completion, a sand control screen is lowered into the wellbore on a work string to

25 aposition proximate the desired production interval. A fluid slurryincluding aliquid carrier and
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 control screen and the perforated
well casing or open hole production zone.

30 The liquid carrier either flows into the formation or returns to the surface by flowing
through a wash pipe or both. In either 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,
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the fracture the formation allowing the entrained proppant to enter the fractures and prop the
formation structures apart, producing channels which will create highly conductive paths
reaching out into the production interval, and thereby increasing the reservoir permeability in
the fracture region. As such, the success of the fracture operation is dependent upon the ability
25 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.

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

30 tools used to perform the fracture operation. Accordingly, if formations are closer together than
the axial length required for the permanent downhole tools and service tool, then certain of the

formations cannot be isolated for individual treatment processes.



formati ons cannot be isolated for individual treatnent processes. 2 WO
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least partially within the openings of the base pipe to prevent fluid flow from the interior of the

base pipe to the exterior of the base pipe. The one-way valves are actuatable to allow fluid flow
from the exterior of the base pipe to the interior of the base pipe to, for example, allow fluid
returns to flow therethrough during a gravel packing operation or to allow production fluids to
25 flow therethrough. In addition, after the initial treatment process is completed, some
embodiments of the one-way valves may be selectively operated to a disabled configuration such

that fluid flow from the interior of the base pipe to the exterior of the base pipe is enabled.
In one embodiment of the sand control screen assembly of the present invention, the one-
way valves are flush mounted within the openings of the base pipe. In another embodiment, the
30 one-way valves may extend partially inwardly into the base pipe. In yet another embodiment,
the one-way valves may extend partially outwardly from the base pipe. In still another
embodiment, the one-way valves may extend partially outwardly from the base pipe and partially

inwardly into the base pipe.
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Figure 2 is a partial cut away view of a sand control screen assembly of the present

20 invention having a seal member disposed within a base pipe;

Figures 3A-3D are cross sectional views ofa sand control screen assembly of the present
invention having a seal member comprising a plurality of one-way valves;

Figure 4 is a cross sectional view of an alternate embodiment of the sand control screen
assembly of the present invention wherein the seal member comprises a plurality of plugs;

25 Figures 5, 6A-6B and 7A-7B are cross sectional views of alternate embodiments of a
sand control screen assembly of the present invention wherein the seal member comprises a
sliding sleeve;

Figure 6 is a half sectional view of a downhole production environment including a pair
of sand control screen assemblies of the present invention before a downhole treatment process;

30 Figure 7 is a half sectional view of a downhole production environment including a pair

of sand control screen assemblies of the present invention during a first phase of a downhole

treatment process;
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Figure 13 is ahalfsectional view of a downhole production environment including a pair

of sand control screen assemblies of the present invention during a seventh phase of a downhole
freatment process;

Figure 14 is ahalf sectional view of a downhole production environment including a pair

20 of sand control screen assemblies of the present invention during an eighth phase of a downhole
treatment process;

Figure 15 is ahalf'sectional view of a downhole production environment including a pair
of sand control screen assemblies of the present invention before a downhole treatment process;

Figure 16 is a halfsectional view of a downhole production environment including a pair

25 of sand control screen assemblies of the present invention during a first phase of a downhole
treatment process;

Figure 17 is ahalf sectional view of a downhole production environment including a pair
of sand control screen assemblies of the present invention during a second phase of a downhole
treatment process; and

30 Figure 18is a half sectional view of a downhole production environment including a pair

of sand control screen assemblies of the present invention during a third phase of a downhole

treatment process.



Figure 16 is a half sectional view of a downhole production environnent
including a pair 25 of sand control screen assenblies of the present
i nventi orwowsioegira first phase of a downhole treatnent prPeTase3oFiuyure 17

. hal f ) . . . .

vai e Mot sand controf - DA R BRI R BECHIE INGRXITIBRIEN he i ne 8

second phase qﬁvhf}e QRéNﬁﬁi%;r%l attd &agg%@,tvaﬂs@ézaﬁa@d@ﬁgtsaﬁ fiib PréentlBvbsion hal f
w of a downh C [

sectional vie e pro tion environment including a pair of

S ﬁnd co Ptdigdélsﬁadriﬁ dlataildmbovh) it esoudd be pprprieted ribatitie presénd movntipm proyides inpagy

phase of a downhol e  treatnent .process.. 5 WD 03/.064811 PCT/ US03/ 0174

DETAI LED %EB@QIWV@@VGFOWEFSMW%WPP&CWP@\S@%W I%?fhejgfy e ‘f%"dlc" * i ous

embodi me an%ciﬁE eﬁl@g%iﬂﬁ?sedﬁcuhﬁ\ﬁ%@féirpﬁe Mefely AhREHSRESA shebiflewslto Rrkownd iide

shoul’d be™apprecrated that the present Invention provides many applicable

I nvent | Veth_el_ﬁmegﬁérﬁ anbide motdelinhie thenboet efdhe presentiindentiar.i ety of specific

cont exts. e speci fic_enbadi nents di scussed herein are rel .

idl : ustrative oRelepEg initigllyigeys lngRar Sgﬁmaé’@ntr? ﬁéreF’H@%Sﬁmbggs, usﬁﬁ&uﬂﬁg Hst
elimt the p . ' t:1 qn: el T -1 leQ8Ir €

1 o pai rgp e nRlpP Gy By EBEE R MBI ARingl R ol Oerali i o Htonc Y

nul tiple iditeRk prtHdrafs ahemblidiyellisoratedahdgererlly qesignated per Atsemigsfhnagrsible

of fshore oil ~ and gas platformis schematically i Itjgustratel\g d ge gral |y

de; i gnat glalalﬂlétm I iseqentesesmmst 8 PRI ©f sePptraed off ?rlil‘}l/@asi TREIOS ¢ dla(’l(;\%g‘e‘g B9P ” of

subner ged oi |l and,g9as_§ Ll C

subsea cohifdi t}Ooﬁgg'ex Seur?géa rngﬁqﬂzokg%eﬁ&gghglfﬁﬁg zgfdaf?l}% o?l%ctﬁgﬁtlgkggv%\glhlﬁ%%dgd

i nstal | at ingR#dod 2EindBidRG BibRYEUreRnexeD6.ePhifdfin 1Phat 4 hoistidPagpamtes 2oirst i ng
apparatus 28 and a derrick 30 for raising and |lowering pipe strings such

as Ft \é\pr ka f,@rriic}q §0dor raiﬁiln&qngli@‘fv@’iwpiéi sEings suohras ag¥Prk FEMZa: ous earth strata
I ncl udi ng formti qnps . 1 ' j it his
"Bk e o Ru B0 et SRR IR LG kol e, O

by cenent 38. _ I ht cla _ ( as a sand control
scregn 40¢ i SerR@ed WRRBAvaNbobd 34 1 Reieat 3R Worlt frivgd2 théluded vaepns tools

packers 46, 48 and adjacent to formation 14 and sand control screen 42
whi ch is pobidsiaoned confrelricreepréfdubich dnposii@redayitisn prrtufien R RetSOEY e 4
T e
that for mathBNsoddbtioh fntBRYI APoctRERIAEkS bY, SUaB@b@kcent to formation 16. Thereafter,
a treatment fluid containing sand, gravel, proppants or the like is pumped down work string 32
20 such that formations 14, 16 may be sequentially treated.

Even though figure 1 depicts a vertical well, it should be noted by one skilled in the art
that the sand control screen assemblies of the present invention are equally well-suited for use
in wells having other directional orientations such as deviated wells, inclined wells or horizontal
wells. Also, even though figure 1 depicts an offshore operation, it should be noted by one

25 skilled in the art that the sand control screen assemblies of the present invention are equally
well-suited for use in onshore operations. Also, even though figure 1 depicts two formations,
it should be understood by one skilled in the art that the treatment processes of the present
invention are equally well-suited for use with any number of formations.

Referring now to figure 2 therein is depicted a more detailed illustration of a sand control

30 screen assembly of the present invention, such as, for example, sand control screen assembly

40 of figure 1. Sand control screen assembly 40 includes a base pipe 56 that has a plurality of
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screen wire 62 may form a sand control screen | [ ttache
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Is diz? pos‘%ﬁ n\ll\g};[ lpel Pefeer?eccp toog)?lgict?\%l}IS gs 2(1) ]csealf?nse?nﬂae:ir %% ?’?‘efte?abg)r, %\rllg-wayfvlaijvieg 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
prevent fluid flow from the interior to the exterior of sand control screen assembly 40 and are

25 actuatable to allow fluid flow from the exterior to the interior of sand control screen assembly
40. Accordingly, when one-way valves 70 are used within base pipe 56 of sand control screen
assembly 40 during production, production fluids are allowed to flow through sand control
screen assembly 40 through one-way valves 70.

Referring now to figure 3A, therein is depicted a sand control screen assembly that is

30 generally designated 40A. Sand control screen assembly 40A is substantially identical to sand
control screen assembly 40 described above as sand control screen assembly 40A includes base

pipe 56 that has a plurality of openings 58, a plurality of ribs (not pictured) and a screen wire



flow fromthe interior to the exterior of the sand control screen assenbly
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treattrent.® dirngl’y, ~one-wa
is to expose one-way valves 70A to a differential pressure above a predetermined threshold.

Referring now to figure 3B, therein is depicted a sand control screen assembly that is
generally designated 40B. Sand control screen assembly 40B is substantially similar to sand
control screen assembly 40A described above as sand control screen assembly 40B includes base

25 pipe 56 that has a plurality of openings 58, a plurality of ribs (not pictured) and a screen wire
62. Together, the ribs and screen wire 62 form a sand control screen jacket that is attached using
connectors 69 to base pipe 56 by welding or other suitable techniques.

One-way valves 70B are 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 40B. One-way

30 valves 70B may be referred to collectively as a seal member 68. Preferably, one-way valves 70B
are mounted within openings 58 by threading, stamping or other suitable technique. In the
illustrated embodiment, 6ne—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
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70D extend inwardly and outwardly from openings 58 of base pipe 56. In his embodiment, the

ribs (not pictured) must be positioned around base pipe 56 such that openings 58 may receive
one-way valves 70D that are thicker than the wall of base pipe 56. Preferably, one-way valves
70D may increase the outer diameter of base pipe 56 between about ten and thirty percent and

25 may reduce the inner diameter of base pipe 56 between about ten and thirty percent.
Referring now to figure 4, therein is depicted an alternative embodiment of a sand
control screen assembly that is generally designated 71. Sand control screen assembly 71
includes base pipe 56 having a plurality of openings 58 with screen wire 62 wrapped
therearound and attached to base pipe 56 with connectors 69. Disposed within openings 58 of
30 base pipe 56 are a plurality of plugs 72 that prevent fluid flow through openings 58 and serve
as seal member 68 in this embodiment. 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.
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1 Efreil

assenbl y prwellimds,geoabarstign prosess maayde upad toggmeve BREs P Likeddss: HOWgs)
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Di sposed wdylbeRs@BRémese fiSer2. 36 dFagieer pitfaath, plugs 22 phybateiioyedby giplgsg 72

that prevent fluid flow through openings 58 and serve as seal menber 68 in
this enbodipresstected@mioynt pigdiffaentennessnis acrasapeny2pr ocesses di scussed in

d il bel .pl '
oroduct i on 1 aeRgioF 6 iefsS, RETRHER HRSRAREH A9aifeatieluaMasentlyy
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production fl U|Rt§’ error of sand con SCreen asse

71. 95O @@ﬂﬂ%ﬁé&mﬁ%@hbﬁﬂgﬂd@sﬁgﬁ&d B, [/d CentidibeeriysembVAihélodsaIbaps pigs

known or unknown in the art, including netal 6§| ugs, such as al um num pl ugs,
cerani ¢ plSadeving apheality REopeTings b8 withisefaeswirg 64 Wrappeé Hisveargmd gRisposedyyifhin

aci d reacopPPRapesraeon Bvif Hinipol 78 St B el AR 8 HNEE,
7oL DL 8B TR L M, s e g ol S o
cheni cal | ythe basopipegStol When #tpa sosbnd perition; gbits 7¢ efjsleeteckisalign witeonopings g8 of
bl ug 20 Pl u %Sas<371)21per;r§1 8. &%errfglggv%n}ﬁsa 1Jn|tl¥e ﬁr%?}?o\éﬁlddn, fluid flow from the exterior of sand control
screen assembly 73 to the interior of sand control screen assembly 73 is prevented, as is fluid
flow from the interior to the exterior of sand control screen assembly 73. When sleeve 74 is in
the second position, fluid flow from the exterior of sand control screen assembly 73 to the
interior of the sand control screen assembly 73 is allowed, as is fluid flow from the interior to
25 the exterior of sand control screen assembly 73. Sleeve 74 can be displaced between the first
position and second position by any conventional means such as axial displacement or rotational
displacement. In an alternative embodiment, sleeve 74 can be aremovable sleeve in which case
ports 76 are not required.
Referring now to figure 6A-6B, therein is depicted another embodiment of a sand control
30 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 attach a sand control
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For exanple, a scraping nechanismnmay be used to physically contact plugs

72 and renove plugs 72 fromthe openings 58. As another alternative, if
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enbods mentbisbs slidansee@tsdol 30 screen assenbly of the present invention

that is generally designated 132. Sand control screen assenbly 132
i ncl udes a baset9griber, spdng Wi sliting deaven Spend ssreenednrestoril 40 famdinanpdaf @reat ed

section i ries Qf openjngs, 136 that are circunferentially
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S L 91 WA BEBERE B ASED S BB SR et
below wherein a treatment fluid is pumped into the interior of sand control screen assembly 132
and is discharged into the wellbore annulus above sand control screen assembly 132, fluid flow
from the interior to the exterior of sand control screen assembly 132 is prevented. Specifically,
the bias force of spring 158 and the force created by differential pressure across sliding sleeve

25 154 between the interior and the exterior of sand control screen assembly 132 both act
downwardly on sliding sleeve 154 such that sealing surface 156 sealingly engages sealing
surface 148 of screen connector 140, thereby preventing fluid flow from the interior to the
exterior of sand control screen assembly 132.

During production, production fluids are allowed to flow from the exterior to the interior

30 of sand control screen assembly 132 through a fluid flow path within sand control screen
assembly 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 sleeve 154 from sealing surface 148 of screen connector 140 by compressing
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'12 88 g?’ egg rsglg%ﬁ] g%%;bca%g ip%i 84E§gf§§%0§lg'g%{>ﬁg 6§,_L]?ﬁ) may e attacﬁéH to%ase plge ?84 by
welding or other suitable technique. Sand control screen 172 may comprise a screen wire
wrapped around a plurality of ribs as described above. Sand control screen 172 is disposed
around the section of base pipe 164 that is not perforated.
Screen connectors 168, 170 attach sand control screen 172 to base pipe 164 such that an
25 annulus 174 is formed between sand control screen 172 and base pipe 164. Screen connector
170 includes one or more fluid passageways 176. Coupled to the upper end of screen connector
170 is a housing member 180. Housing member 180 forms an annulus 182 with base pipe 164
adjacent to openings 166. 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
30 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 elastomer or polymer. Also disposed within annulus 182

is a spiral wound compression spring 188 that downwardly biases sliding sleeve 184.
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WO 03/064811 PCT/ US03/01742 spring 158, then travels around sliding sleeve
154, which may include a fluid bypass (not pictured), in annulus 152 and

t hrough owenBngs1136. Fol | owi ng t he downhol e treat nent pr@cedseyodiscussed
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control screen assenbly of the present invention that js 1_gen

eral |
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control se¢f ARMIASTEHYsYing GRohidsfldd padshgefays ¢ @ BIscrentemicotes 116, shif? flidihat
attach a sand control 20 screen 172 to base pipe 164. Screen gonnect or.s

168, 170 skeyvrel St sugh Hisd sead 1 Baisoup phicalisgiengpgement yithbase PpeHas b¥ GPPRrsEns

techni que. Sand cqntrol .screen /172. ma ongpys .l 4 | L8

around a PRI IS Jrore e SEgalirESls SRR e BaRRl Aol Lot iBaREee
di spgsed 1gh aHDthrb il SRaMON6Ef base pipe 164 that is not perforated.
Screen connectors 168, 170 attach sand control screen 172 to base pipe 164

such that an ZFyeatimighdigures 6A-7Bdene beedsredbedsasinclading eanulaicyicing sioevesnd

b i 4 S t 170 i ; i d:
176, Coupllah 14 fiBoRgBernarond oY frssRElEh Abubaf B ARGl fieRsaRaRIcY
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could alternatively be one or more rod type pistons each of which could be acted upon by a

corresponding spring.
It should be understood by those skilled in the art that other type of seal members 68 may
be used to temporarily prevent fluid flow from the interior to the exterior of a sand control
25 screen assembly of the present invention during and following a treatment process of the present
invention but allow the flow of production fluids from the exterior to the interior thereof without
departing from the principles of the present invention.
Also, it should be understood by those skilled in the art that while figures 2 - 7B have
depicted a wire wrapped sand conirol screen, other types of filter media could alternatively be
30 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
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provi de a seal against the exterior surface of base pipe 164. Preferably
seals 185, 186 are made froma resilient material such as an el astoner or
pol ymer . Wb9d/06issposed wi thin annulus 182 is a spiral worQd/usosm7é¢ssi on

spring 1884t. downwar dl.y. bi ases sliding_sleeve 184. 12 WO 03/064811
PCT/ US03/ of.][‘?@%%“‘r@’ﬁé‘%ﬁr8}‘$1¥%trﬁ’fﬁ§e%§§ H%W iofprdiculetsanateniply of ppuesietrgminsdtsize
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Even thou%gag ures, 6A-7B have been described as including annular s ié’n ng
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Referring now to figure 9, 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 proppants

25 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

30 a high concentration of solid agents such as sand, gravel or proppants, that will 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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departing fromthe principles of the present invention. Also, it should be
understood by those skilled in the art that while figures 2 - 7B have
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tively.b 30 ed in conjunction with the apparatus of the

oreean | U AT B3 o R B
ticul at | Ldck tekd i ers o r

mesh that Taraeh (s orantl UL AT AR BT Bl o YR Sl Bl

mesh scr eespndel sgaeassemaly lvas iﬂummﬂ@ﬂﬂ)&}l&b@%’(&ﬁﬁ&/ tlms%]?tiaﬁlp%& ot
h h. but t the flow of particulate materials of a _

O S LG P8 e e hangu i

t hereisn i sqpRItRE BaktaR &@g%g{ﬁﬂ%gﬁ&aﬁ&ﬁ present invention that is used

cki

during fracturing and frac pa treatments. As illustrated, sand control
screen 5 assenféfprrig@ riave baufigurg 16nenswegant aluess A s dégosiabirt 200 entbltRiddn

[ ' dj t to f tion 14. Likew se, sand control screen
2222% 364%%1.*'&‘?’ é’rﬁi ‘!bg%g?%é@w%ﬁsfi%ﬁg%gewenﬁ Rrocess #ayiheaiae Thqtmahnaéaﬂuyrglﬁs@e
i j L i . i ositioned w.thin

The wor ks pmg e ool PR O dreafhl PSSy WD i el Bl b RRE" maiopsd ang
sand cont rappropsiatedeachaigefitid swech a¢0il, Watky iaf Oiltvadér eﬁ&lﬂ&i(%@ll&ﬁ@ﬁ@%%’geﬂed oil

ositioned several feet tq several hundred 10 feet uphole of sand control
E creefl as Csl@ﬁ?ﬂ @acwe ﬂ%&fi Bagnga reldivebriieb visepsifyrto eakance frediasttringrproceser Vs 44

o bedact 1 orrPREt ey b bty nbERLRYE S REIE uct PR, SrdvaF o mrces i vl
ipnt erval Asually Heseideyeronckitiation of sulidragants BOna6H BG@ALntiRiid of t‘ﬁ@’fSi%sQ gfnléi:@ Jfs
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packer 54 tBedpadmepdrpegss.end of 1s production interval 50. Additionally,
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string 32 includes, cross-over ports 90, 92 that provide a ul

comuni cattredtnes flpidris pmperkthrayeh sergice sdol #B pikd enters thy 182 dnd of productidndnterval
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operation_is a frac pack, the objective is to enhance the pernea Ity of

t he treat &§nedpkeng ih@f%reasmm fluidefraateres formation $4 as mdicatedtbairaferagce plizpppartss 96

i i fracture gradi ent of
?Lea 2@' gh fl OWI{e?é[rFing rnlgwlton ﬁgurlequ %?ric\)/r cl) ré%o?n ?1%/ v?/hitcﬂ%‘actures 98 no lgnger 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 phase of the treatment process, the solid agents travel into the newly created fractures to

25 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 associated with cross-over ports 90 are closed by conventional means.

30 Referring now to figure 12, 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 be several
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formation such that fractures maybe formed within the formation 14 and hel d
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illustrated enbodi ment, the treatnent fluid of the secon ase 0
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by refere Th treatnment, fluid is pu d through service
Cool 76 andTualsas A€rRied R pldkio nreifRERR et iyl TokaobD Enir o oee
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14 and as 'n¥apleeifihe saadeontsel serpen aksemblieh40, 2eat meark stiingisd. f r act ur es

for mgj 1 on 14 asp,! v%js CO%E ga%dbc%n{rglf s%?eeernl%gse%% 1%? %,645, 191quid 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 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
25 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
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

30 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. Additionally, the first treatment
fluid preferably has a lower density and lower viscosity than the second treatment fluid. The

lower density and lower viscosity in the first treatment fluid allow the solid agents to fall out of
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20 Referring nowto figure 11, prior to the point at which fractures 98 no
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agents. Thgsgeplid agents are used to prop fractures 100 in formation 16

and to forma gravel pack 96F in production interval 50 between sand
control screen Referimgnpwi? figuk Kadiengn Blepittddeantamtwdimend o€ thepresertdnyention

process can he repeated for_ any. nunber of .farnmatiqns repositioni
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requiring fraat SRMNvay PRGEs 8 lis Bbsitififed 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 32 traversing
cross-over assembly 106. Cross-over assembly 106 is positioned within work string 32 adjacent
25 to cross-over ports 90 that include valves therein as explained above.

Sand control screen assemblies 40, 42 each have 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
assemblies 40, 42 is not critical to the present invention as long as it is suitably designed for the

30 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 long as they prevent fluid flow

from the interior to the exterior of sand control screens 40, 42.
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formations are treated and prior to begi nning production, sand plugs 96A,
96D nust be washed out of sand control screen assenblies 40, 42. As seen
in figurew0d3oesivi ce tool 78 maybe used to wash out thePsanbozoryz ol

screen assenbl i 40. 42 and work string.32. 20 To wash out sand control
screen assenbl igi bggn tﬁ% ,grefviehﬂ?‘ﬂm?%cmrigg%t} BEPCESSy BIRscHe} itewal #4proxpgateo

mx with tamsedi O aEetbaudiRhThiesas S0 RS s98Ad fg%tio};q% L XEIES 1Phck

i 9&@
allowed to reverse out of work string 32 via the annulus b%%ween service
tool 78 arfth seeksikhe neareyd 3 pestuctiordingeay s didtmnd paciounsi8 K& thehfas el GCEE8uddon

[ | ati h id ts tqQ t f d | oweri [ tool 78
arther | nSTUSHE Yo IR PhsRercssalclbE e end o SRRy vyl SDand pavkesh feels
agent s in theBarwad bof %)Eddu@ﬂoﬁgﬁlté}@édejObelfﬁ?ialﬁg,n&%\ﬁﬁgstrdeél BIPLr SD&%BQ&(@%%HIG

di fferent conpositions of treatnent ulrds are used I n e aboveée 1'50(:6r’isbed

met hod durlperged prexighté tr santl cphtas] esreel atshiblyr4fedndenliongt @itk $foss-BrafRr@bLY

the first tregé nt flﬁi d q$s ﬁl hhgher concentration of solid agents than
the second tre 249 fgyre lynuhenth Geatmeptanceationds agigvel@gel, thesobiechivg isdp
concent r atyn@@rAfy HalcbfipRIGYPEY RSductiod ftd e 13139 . sand plug.in
the sand cont rqu screen asgelnﬁ%ds?%mhrﬁgérggggﬂ%%%%as? Jrlr(ggﬁnn?’rl ﬁclr‘aenaaéﬁeéﬁﬂgtgo
require sudhaged 3awiheravsl. o lietp dchicvathéndadt, taufifRcd hekeh e oh el ABE taif]
Addi tional |y, thewh'h,rﬁ].téea%ﬂrsnt fluid preferably has a | ower density and
| ower'®vi sEESFRYSF andeatehby aresy HSand fraveds thigwseh washwipedéisastipdiaated

| ower Vi sqRSifowsi1not 16 éﬂ'n‘éﬁ_t %?% nt fluid allow the solid agents to fall
out of 12)9V\D 0??/ 06’481{ P 5)8%% %:42 the slurry easily. The higher

density and hi gWier specificallyt y trefinteheflsidcartistcaead ﬂﬁatslﬁr}yﬂdﬁta@ﬁihg vel N js
second treatnent. fluid to effectively fracture the formation. e third

treat ment PPRRCH dRWRRQIP i PorinsiEng 3%, agedicateshesesrraves | I and indopioductiperintertahan
th : | nj t,.fluld he f t,
b or avel s ERRTBOL: dekethfly 108Pa Mlchel bEMTRA 116, A B PR bt ronBimine

screen asgenvel 1 Esiravelao efedinendaf piodhetondAREANIS, BhiveD] 10f drspd dufl o ABE Blufrylfid
desirabl e iﬂ@t he third treatnment fluid. Additionally, the third treatnent

fluid may PHEd®WR oW maEers | 4. filling theqweforations esd pyoduttion inteeval déandind sand

{1 eat mant CPiebGorep desel®iPdo AEABL o PO Beci A “WHIR St o i ylubinge
readily. 3MwAsmahledk dfbiatcafopantsi 14,3hd ke ®Kbf iRGamerthgd ?5§ses ﬁaﬂﬁléfl%%@

described nethod allows the use of a relatively sinple sefvice to
that al | ofenHe)scica assermbiyrihihrayich vuewiayivelves 7 pasiindisatediay arrawsel 08 | Tieified v

C1 055, 0GRy bl Rifrdn 851N 4ES) RYec SRS, SO led SBr e R AR SR paieS
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 19. As the distance

25 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 may be a
considerable amount of time between the gravel packing of production interval 44 and eventual
production from formation 14. It has been found that in conventional completions, considerable
fluid loss may occur from the interior of sand control screen assembly 40 through gravel pack

30 112A and into formation 14. This fluid loss is not only costly but may also damage gravel pack
112A, formation 14 or both. Using the sand control screen assemblies of the present invention,

however, prevents such fluid loss using a seal member, in this case, one-way valves 70,

positioned within sand control screen assembly 40. Accordingly, one-way valves 70 not only
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that include one-way valves 70 that prevent the flow of fluids fromthe
interior to the exterior of sand control screen assenblies 40, 42.
Accor di ngwg,030eser tools are required between sand i s conPCBIUSSTOEeN

assenblies 40, 42, thereby the distance hetween sand con{rol screen.
assenbl i egavedlgs CWEHWS%@t%‘Hﬁ]&gH@ I‘Wi%é‘t? SYRFOLST %‘i%%&’ﬁ‘él%{ L%fdalf‘ﬁtr@ngi%}ﬁﬂ ity
of servi Cﬁo{n"tﬂ%d&?a@é %aﬁé\édﬁcﬂhﬁ hygly narrow and rel atively closely spaced
formations to be treated according to the present invention. Referring now
t2 8 f ihg ure 17, (Ij{l@%lhéﬁgﬂtoi figueel, teqratocess efdravt] packingyrotieiopristerat 50 isdepiciedn
that is _used during a_gravel B packing treatnent. i) Lystrated, san
control s¥¥asBRiP&d 84 R0y dieposehyyithig sanseonigl S\‘iﬁe@é%sel?@fyl"sz' bg%ﬁﬁ“ﬁ’?ﬁ?ﬁgé CHECRE n
casing 36 ' dj [ i 41 en
cesenbl y. 480 fteBbRAE Sientfy ) O B AR ihrm A b R S B e
adj acent h@efnbliopdl,dnditsed By wasts [1il BeantiGéavelst throdgh twash wife 183k ks Stdidatagl 132

traversing cross-over assenbly 106. Cross-over assenbly 106 is positioned
Wi t hi n workows i 2hdortigajabestifaces t o cross-over ports 90 that include

val ves therein X i . i €8
cach have a 11 MEATERD SRR Grark? PR SRpRA FGARAPUAGIR WS b2
fluid to fddemitddisraeiorsqagrnbiibto pfoRvetidn ipwial S0V akeossl tiesssaiibly LG dncl cegws-

size fromfl ow ng t heret hrough. The _exact design of the filter medi um of
sand 1zont Puer poEts Sdnas iadicate by @ows 1242A5 thefhid ghumyiceniaining grrel dd didxels to

invention_as.lo S It..lS.sul | ' 0 LSEI of
the. for madiear P aRodaiOf I HED: HeRTRer TFEL Btal i GRCARAY S P K,
control sesaffoA3%eiRinsate ﬁ@ﬁf@lﬁﬁoﬁ@dﬂ%r@duoﬁﬂﬁ iBteiviad B0 ardunfeasd cdiing sasert hey
prevent fluid flow fromthe interior to the exterior of sand control

screens 4@sserdlies42 fnonow wexdpackidIBUR(Bleseme 2! the caaigr Auidi theshye mpalerk ng

conpl etion_process, ..production .interval 44. proxj e r I

product i or?fqolﬂfoe C\F‘é‘?“@b?grtﬁﬁ irﬂﬁ?lgfiesreo otﬁﬁ C?’%]reﬁgtu%do%%%g%q tgioglgﬂzs(%l}xﬁp%%fbl %‘2{% e
46 sgal s e ees 42060wh ik alRR 70 isendtedted¥y afsly PRIGK eThe4RidRekmetback f ar
end of production interval 44. Simlarly, packer 52 seals the near end

of prod u;:t ggnuglnwdwrvrtrstscmlalpm@y 4Bmssuplamed abpe, feltovemitie ppths desticated by,

i nterva . IniLki , i trated, t - nbly 106 .i
el kTl b YO SR SRRl R ke s
Cross-over, ﬁ%’ggﬁl beQepositRingl ipiie fo%rﬁ@e@ﬁicﬁtfa@i&tioﬁﬂ%odﬁ&ﬁoﬁ nfataeNAs epdhiakd on

is a gravé’i1 k, the objective is to uniformy and cogl etely fill

product i ombove, essingl sadd coatrolessrees aassbndon 2 qirewntselwidde ythet nterigpisasd ng
ggn\é\n 2& 2 ntg ,rcgillt%l' sc;Ic;%n ggsleg'lb?}? 4@ teovf%rr%la@cilosn {67 cfulf‘{ntg’su(r:hegu rsgqlfeln%j ci>pderai1tlsong.ake n through

As should be apparent to those skilled in the art, even though figures 8 - 20 present the

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

25 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

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.
30 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,
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10 screen assenbly 40, indicated by arrows 108, and travels through wash
pi pe 104, as indicated by arrows 110, for return to the surface. Mire
speci fi cawby3/oesstir eat nent fluid, in this case a fluid sl uPCy/usonoeini ng
gravel 112 i unped, downhol e..in.work string, 32, as indicated by arrows
114, and iW%lgb%gpé’g%&’g foomerf%lﬁgﬁ\l}gql lﬁ,ﬁ& affjuRop FgeieneRfothe deseriplign. Jloé, thgegfore,

i ndi cat ed Byended eiNBthd i Vi b)) el 112
travels to the far en(Jjag Io)?n%(ritgghgrg% F%Uﬁﬁ}p%%ééérﬂ\yaspeﬁﬁ{oag@ggg?sl(%f%{ b?rélorfl)%&%ut of
the slurry and builds up fromformation 14, filling the perforations and
production interval 44 around sand control screen assenbly 40 form ng
gravel pack 112A. Wile sone of the carrier fluid in the slurry may |eak
off into formation 14, the renmai nder of the carrier fluid passes through
sand control screen assenbly 40 through one-way val ves 70, as indicated by
arrows 108. The fluid 20 flow ng back through sand control screen assenbly
40, as expl ained above, follows the paths indicated by arrows 110 back to
the surface. After the gravel packing operation of production interval 44
is conplete, cross-over assenbly 106 and wash pi pe 104 maybe noved uphol e
such that other production intervals may be gravel packed, such as
production interval 50, as best seen in figure 19. As the distance 25

bet ween formation 14 and formation 16 naybe hundreds or even thousands of
feet and as there nay be any nunber of production intervals that require
gravel packing, there may be a considerable anmount of tinme between the
gravel packing of production interval 44 and eventual production from
formation 14. It has been found that in conventional conpletions,
considerable fluid |oss may occur fromthe interior of sand control screen
assenbly 40 through gravel pack 30 11 2A and into formation 14. This fluid
loss is not only costly but may al so danage gravel pack 1 12A, formation
14 or both. Using the sand control screen assenblies of the present

i nvention, however, prevents such fluid |oss using a seal nmenber, in this
case, one-way valves 70, positioned within sand control screen assenbly
40. Accordingly, one-way valves 70 not only 18 WO 03/064811 PCT/ US03/01742
save the expense associated with fluid |loss but also protect gravel pack 1
12A and formation 14 fromthe danage caused by fluid |l oss. Referring to
figure 20, the process of gravel packing production interval 50 is

depi cted. Wash pipe 104 is now di sposed within sand control screen
assenbly 42. Wash pipe 104 extends 5 through cross-over assenbly 106 such
that return fluid passing through sand control screen
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assenblies 42, indicated by arrows 118, and travels through wash pi pe 104,
as indicated by arrows 120, for return to the surface. The fluid slurry
cont ai ni rngog)mﬂ&slll 112 i s punped downhol e t hrough work st r Pog/u323/01182

i ndi cat ed o ﬂﬁﬁw&22 and into production interval 50 via cross-over
assenbly 1 ﬁ& Cross- 10 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
formattion 16, fl1ind sa8 geairbbserceonsseaivdy posidionatilonvithin er predug®namserval
sand control screen assenblies 42 formng gravel pack 112B. Wil e sone of
the carri et UM in the slurry may leak off into formation 16, the

remai nder of t hgbgdipetavidgit thaBBSiRpehing ehtd A6 HuliGw Hersierb8EN 1 S
assenblies 42 througﬁbone ﬁ%? val ves 70, gas i ndi cated by arrom5§g18 The
fluids4f|ow ng baditer nmdouvgrpos@nde(t@hwtdhe stesion ofshe basoypipe, thasfilést phedimad
above, foII the arrows 120 back.to.th fac ce
gravel’ pac¥ evaiﬁ EQ‘XB’@%@ an%eé’ FRImE prgculste flow, ?rﬁti’{?é‘gﬁ' and’
reposigt i oned Upzb@éa?mteﬁlb@f éy&hblﬂ)%ﬁé@cﬁ%'\hﬂpﬂﬁ'ba% ngb'fﬁa\t 86httdM REM oSy thHhSugh
expl ai ned above, using sand control screen assenbly 42 prevents f|UId2ﬁOSS
from tthe |ﬂlltepcmngofthsdomtplﬁ® control screen assenbly 42 to formation 16
during such subsequent operations. As should be apparent to those skilled
in the art, even though figures 8 - 20 present the treatnment of nultiple
interyals of a yell Wﬁ@sahac&lw&@&fe&@éssaﬁﬁ b1k %cit@dln"&lélﬁ mﬁ&%%h%feémang p
and bottom of the production iInterval ese figures are Inte to a
represent fuethbbongsisshavne-vay ealae that plat/mtsjﬂmdd‘mvofnam the ineamioadf tha basipde ta)s

i nclined | I bores and horizontal well bores. horlz ntal .

ori enfat i of® e#'@ﬂ%&ﬁ |fhlé fer pading) andg's agtuaiablerie aﬁ%‘@l%“&? ﬁa e&ﬁtqnﬁf ef they
44 an ‘Eﬁuﬂq ction interval 44. Likew se, while
mul ti pI e pr%ﬁl}rcl:etl onﬁ? ﬁr%eelﬁ%gf;gﬁﬁg%%& ﬁ descri bed as being treated during

a single trip, the nethods described above are also suitable for treating

a single production interval traversed by | . bore or may be acconplished
in mulltiple trips infhe %m%aonmlr%reeg@smhléaf Keedted iRy el & ivhesain Hschpse pipe
described [ S
ot 1 it enciaiRe’ ERREARES: bies 45 WAl R TR Toreh e SippEB LA 0
conbi nat i ome-wﬁy Vdlecs datlugispariet ueleest‘pmwwzﬁﬁmmamkﬂe aRnidlh sfthebmcinp@mes

of the invention, 19 WD 03/064811 PCI/US03/01742 w || be apparent to
persorts skeneway valvesiuevant fpiddiow Eparibesgerios of fs baeapipe st the gxterier qfghe filter
ther ef ore, meﬁl%eﬂ%en%ot hfﬁ%ta%ﬁ%o %ﬁeﬁﬁﬁ? 9 fﬁ)kx?fro OF (RO GRIPEP 3 HVYriY %1ed1um to the

nodi fid cations or e

6 interior of the base pipe.

1 4, The sand control screen assembly as recited in claim 2 wherein the one-way valve
2 is selectively operable to a disabled configuration such that fluid flow from the interior of the
3 base pipe to the exterior of the filter medium is enabled.

1 5. The sand control screen assembly as recited in claim 2 wherein the one-way valve
2 further comprises a sliding sleeve and a spring.

1 6. The sand control screen assembly asrecited in claim 2 wherein the one-way valve
2 further comprises at least one piston and at least one spring.
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20 WO 03/064811 PCT/ US03/01742 What is clainmed is: 1 1. A sand control
screen assenbly positionable within a production interval 2 conprising: 3
a base piwe ohagismyg at | east one opening that allows fl ui dPCIrawo3/ 01742

t herethrough; 4 a filter medium positioned about.the exterior. of the base
pi pe,! the filtér ne@h%?ﬁndﬁo%%qléﬁrtei’%@s?n&p’laéi?ﬁchtﬁ‘s 0 QE?IHI ?Wﬁ%etnﬁlé‘? %‘?‘PL‘PSWBW and
preventin ' £ ' RS Lahk 6
associ at eglr&l\j\n%f %dﬁ%&%gglgéﬁl%gnﬁagwg@%g lrag?rgﬁglt%%é@?yléggvaatbﬁougﬁe@%ﬁt he
openisng ofhetase pipee pipe. 1 2. The sand control screen assenbly as recited

in claiml wherein the seal nenber 2 further conprises a one-way val ve
that prevents fluid flow fromthe interior of the base pipe to 3 the

exterior of theg fil [ j L i

the exterior o 'the%ﬁésﬁﬁg?gggﬁ% F%§$€%£ hg%?ﬁggﬁﬂ%%h% t%%ﬂﬁa%%£§$€%5&q13
The sand @@fHet dmBives 8 Phdsiig obieynoxable @higk ditpbsedat kiasnpartisigvethin thhepbEsgs
pipe 2 includes a plurality of openings and wherein the seal nenber
further ceffeibgesspipc.plurality of 3 one-way val ves each di sposed at | east
partially within one of the openings of the base pipe, the 4 one-way

val ves prevent fluid flowfromthe interior of the base pipe to the
exterjor of the, filAegand2onl6lisdfven Atkeribly parititalablelveithiin agirbwtibh intervhl efa
fromthe exterior of the filter mediumto the 6 interior of the base pipe.
1 4. The ssHbowwenmpobingcr een assenbly as recited in claim2 wherein the
one-way val ve is.selective erabl e t ' - | jon such
that ¥iuid f|o®%ﬁ§e&ﬂ?? %V”P%'flBw%}i%ﬁ81?‘?%’2“5%3%%églé‘%gﬂb‘gﬂ?gqﬁ%%%‘%}é?i or of
the fjlter mediumyd-smedakl Ssbitiched abbhietizandereanisr Bl tw6s iR, dAss Al shediam
recited in claim2 wherein the one-way valve 2 further conprises a _sliding

sl eeve andelectyhy allpwing BuidTlew tharethrowgh andipreventiegparsiselpts| lpwaihereeoughy and,
claim2 wherein the.one-way val.ve 2 fur r CONnprisSes.. I Q .St on
and at | east oﬁé?i‘gfeﬂt?'ﬁ 9n62%'a %?flpﬁélﬁ}glief{ag%?f%ggaﬁaﬁﬁ%naﬁw?%gﬁ‘ﬁés og?n;ne?a%
control  sgE eﬂﬂe@ﬁé—@z‘ﬁ?%Mv@sﬁna‘ifﬁ@atfﬁﬂ g?&aﬁh@fn@ﬂéwlﬁél@ﬁﬁhé’bﬂeﬁﬁaﬁ@&es pRAFBeITuId

further c fises a sleeve having | east one openi ng, the sleeve slidably
di sposed dlbwait@enthetinterior of the base pipe to the exterior of the base pipe and are actuatable to allow

9 fluid flow from the exterior of the base pipe to the interior of the base pipe and a second
10 operating mode wherein the one-way valves allow fluid flow from the interior of the base pipe
11 to the exterior of the base pipe and from the exterior of the base pipe to the interior of the base
12 pipe.

1 10.  The sand control screen assembly as recited in claim 9 wherein the one-way

2 valves are operated from the first operating mode to the second operating mode in response to

3 a preselected differential pressure.
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3 the base pipe. 1 8 The sand control screen assenbly as recited in claim
1 wherein the seal nenber 2 further conprises a plurality of renovable

pl ugs di swovadesstl | east partially within the openings 3 @CTUse3/Ise pi pe.
1 9. 'Af sand conft ol ?\cre(gn as enbl% os{)ti onaple within a production
interval of a 2 wel 081%° RE @ge@ ly nosiionable avithin p mepdaction ingarvalyof of
openi ngs tRwalbord g%ﬁgih%d flow therethrough; 4 a filter nedi um positioned
about the exterior of e base pipe, the filter medium 5 selectively

al  owisng f 1 uid #baswpifediagingraoimgbt cuedppmiay it bigypanidi fow teetirbom;

t her et4hr ough; anctit 6 a g‘\lﬁ’il‘” aljl}\é <ff one-way val ves positioned at |east
parti dl |y withih e 5J0HR pgsitighed ghow Ap extorion pk the baseripe. iy filter veedium
havi ng a fdelestival i ' = event, fluid .8
T ow from e G S o eh At BRP B ol RO B ouh e
and ase act uat sbbre-way shliveposiBordddind fAuid ok wath bbieveex HeY filgdr nddidh and AREat

pi pe to tﬂe interior of %hg base gi pe and a second 10 operating node

wher ei’n t HEASHARE GREMREINRSasE PHs thatwrey enisdlvid flow frome an ptereinf ths bashgifedse
pi pe g1l t ; J : i d 1 exterior of. the base
pi pe to thgg1 eitxﬁeo? ?g?{éoi?ﬁetrﬁlfée 121239 &isgacgl}ag%l% E}EB)W$1 fid r}goa ° tqu’?%'ieng’é? {5
assenbl y alter ewidiven to the dhtation F thdreaseipipet he one-way 2 val ves are operat ed
fromthe first operating node to the second operating node in response to
3 a preselected differential pressure. 22 WO 03/064811 PCT/US03/01742 i 11.
A sand control re Lt w thin a.production jnterval of
a 2 \?vel | bore clc?cr'rpr ?E}}era%ﬁggagy%g(g%&%%‘%e@l%%!ﬁ?snr&mgtd pek ]gln‘é'}l?fﬁlgﬁlﬂﬁan?w&%’

al | ows f | viatiefib seledthetyedgerabligto; a disebléd donGigurEieh wBhRAS (i@ MRH 8RR Yhe RAferior
exterior of, the base pipe, the filter medium 5 selectively allow ng uid

f1 ow £ her &IIRASAPEISAO Precsxiasior a§thsfHicr metimeistanabledher et hr ough; and 6 a
one-way valve positioned in a fluid flow path between the filter nedi um and
the at 7 |east one opening in the base pipe that prevents fluid flow from
an interior of iBhe basmdyopgol Rreed addendNy Esrhptisigf: the filter nediumand is
actuatable to allow fluid flow fromthe exterior of the 9 filter nediumto
the ifAterior oft Whapneabey saingat igst oniedluidnabsagemtay dh a sidewelh sasisa idryofas

recited in cl a'arﬁlge}m\é@%eﬁo%it}orﬁ%d SX&ri STy around the tubular member defining a first annular

4 region with the tubular member;

5 a housing positioned exteriorly around the tubular member defining a second annular

6 region with the tubular member; and

7 asleeve slidably positioned within the second annular region, the sleeve having a sealing

8 position and a nonsealing position, the sleeve mechanically biased toward the sealing position,

) the sleeve operated to the sealing position when a force generated by differential pressure acting
10 on the sleeve between an exterior of the filter medium and an interior of the base pipe does not
11 exceed the mechanical bias force, thereby preventing fluid flow from the interior of the base
12 pipe to the exterior of the filter medium, the sleeve operated to the nonsealing position when the
13 force generated by differential pressure acting on the sleeve between the exterior of the filter
14 medium and the interior of the base pipe exceeds the mechanical bias force, thereby allowing
15 fluid flow from the exterior of the filter medium to the interior of the base pipe.
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2 valve is selectively operable to a disabled configuration such that fluid
flowfromthe interior 3 of the base pipe to the exterior of the filter
medi um i swormalbedt 1 13. A sand control screen assenbly ceeprisss/ongs2 2 a

t ubul ar nenber having at | east one fl ui assageway in a sidewall section
therebf; 3 a filPter %WﬁhﬁeiﬁHg?t{quH@S#'@gPgmp’aﬁg%\{@r%‘?ﬁ@?t he tubul ar menber
defining a firgicaR0ULAKA chtfoPLrOh Albdnibiy Reimjt PiloRhctRTRREval 8f AwRAbSENY
posi t%’oned exterciaorgysar o%ongrot%é tu u%l%rglne#%erwge?? ni ng aasecond annul gr

6 regson whtdcdrt®l tedoal assembiybimciudangth Fasa pipeekarings hti idadblope ppenitg endd filter hi n
t he second apnul ar, regjgn, the sl eeve having a sealing 8 position and a
nonse4l i nd§HEN PPHHONGAADORT AbeeHRL Of Hhf RasF PIPehi ased toward the seal ing

position, 9t 3 : i ihjjon when a force
genergt ed by d&%@hﬁ%ﬁgﬁﬁ%@@ggﬁgzﬁe{ﬁﬁg %@%ﬁﬂl‘:ﬁ e sl eeve between an
extergor of theréichtieg floddiowniremdn aitediortte b exterddr df e daad eoiop ecretmessandily i

exceed the nechanical bias force, thereb reventjng fluid fl ow fromthe

i nterior ofith heabmemberiopephhpasseciptag wathiths pase phe thaicontrels Shudfeyw thrpughbe

sl eeve op i position when the 13 force generated by
diffe?ent%£F%%g§§gaggﬁggﬁﬁﬁgﬁ%h&gﬁe sl eeve between the exterior of the
filter 14 nmediumand the interior of the base pipe exceeds the nechani cal

bias force, thereby allow ng 15 fluid flow fromthe exterior of the filter
medi ulm to the ilft er ildc Bethpd as peciied gn slaimpbt whersy) thesa deaspery opersng frder 1

cont 11 sePRRRsSLIEaR < EPTRE SANAGHR AR kPR A e R ma 8y Ahiile AglR

sand gont elkhsexieest cryaesiidconfel s@é@gasaerbmgeu@h@e;oh@ﬁhmpmﬁdnﬁ@sa ofif@ray
opening and a filter 4 nmedium positioned about an exterior of the base

pi pe; ¢5 puiabierdleastnastallverithin (eaghdofi the epaniieesof Hrpkase Bivei nt er val ; and 6
preventing fluid flowfroman interior to an exterior of the sand control
screen assenbly 7 with a seal nmenber operably associated with the base

pi pe that contrgls fiyérsethdda rbditeitddlain Rt wherdin theAss ofpas cafieiiig floky fidis
base pipe. 1 15. The nethod as recited in claim14 wherein the at |east one
openi ag f uhe ingrior 2o thereptarioe of the shng conirolscasenmgsam iy Surthet covnpuisss posienisg ap

of preventing LI uid f|0\{\l fromthe '.nteéti 3{1 3 to the exterior of the sand
cont rol scIEERNREREAYES PRY PRALAMACEILIR e BISe PINShi ng a one-way 4 val ve at

| east partially within each of the openings of the base pipe.

1 17. Themethod asrecited in claim 14 wherein the step of preventing fluid flow from
2 the interior to the exterior of the sand control screen assembly further comprises positioning a

3 plurality of removable plugs at least partially within the openings of the base pipe.

1 18.  Themethod as recited in claim 14 wherein the step of preventing fluid flow from
2 the interior to the exterior of the sand control screen assembly further comprises positioning a
3 one-way valve in a fluid path between the filter medium and the opening of the base pipe.
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1 16. The method as recited in claim214 wherein the step of preventing
fluid flowfrom 2 the interior to the exterior of the sand control screen
assenbl y worBlessiconpri ses positioning a 3 sl eeve havi ngPatr/useast’4bne
openi ng adj acent to the base pipe. 1 17. The nethod as recited in claim14
wherein the step of preventing fluid flowfrom 2 the interior to the
exterior of the sand control screen assenbly further conprises positioning
a 3 pluralityiof repavadte Rbatmsnitheth6@8smpradihg Mlelsiepwior:hi n t he openi ngs of
the base pipe. 1 18. The nmethod as recited in claim 14 wherein the step of
preventing fl uilaafihgasindorantral schesniasscartilpwithin & predestioarintervabef & wellbpapdhe

I f 3
2TI T pati PR ok ersPnp b AR R S T ope pRETRAH SRKF 50
VIO 03] 0648 PETb SR sbEPan kickfdr ohridiehipipe; t 1 eat ment et hod conpri si ng

the steps of. 2l ocating a sand control screen assenbly within a production
interval of a \paivlemmngluldtﬁlew f®rng tednteortte tie es@nemftbmedrmryroﬂ mqaam@swglbéy
base p| pe_ havin ast one _mpenl um po

oboutt an_ SxpErERDEet (e ae i anng BAdyihpithyEhosh 4 U AT eHg eror
interjor GLPulhenf¥dMFdQkredf; the sand control screen assembly 6 by

posi t| oni ng at Peast one one-way valve in a fluid path between the exterior
and the interi pumpihgd trédimestdihdd adothegirodwtiormte®ahunpi ng a treatnment fluid
into the prodUC|on|nt rval allown luid, fl fromthe exterior

the ifhterior ofll E’nggsfaﬂg ﬂe}?{rﬁ%Fhesec’,‘Feé’Qh%ég%EW%? 0?% IT%%GH&H‘?“W;{/
val vg, an ating the one-way valve to a disabl ed

confi gura?]fljgngaﬁ'l oo\%\l\ngthﬁawayu‘{edeﬁ ow 12 fromthe interior of the sand control
screan assenbl yelbcmtéhpo@rﬁtergith@ o whyrealsato dissbledodonfiguration alkdviag ﬂe'rdtﬂq;w 1
20. The nethod as recited in claim19 wherein t He stegrtotf sel ecti V%X

oper dti ng Xometheintsriat the vandconirgl seresnsts todhe eefere 91dhe sanf cArtrol screen
conpr%ses ggéﬁ%ﬁ%ng the one-way valve to a 3 differential pressure above a
presel ecte 1 21. The nmethod as recited in claim19 wherein the step
of positioning at |east one 2 one-way valve in a fl uid path bet ween the
exterior and the interior of the sand control screen g?g% corrprl

posi t i oni ng t h&Oone-Vhgymethod es meitgddgstaimdOrwharet) th sten ‘PifSP UHHe AR ¢ F he

base 4 pi &-way valve to a disabled configuration further comprises exposing the one-way valve to a

3 differential pressure above a preselected level.

1 21.  The method as recited in claim 19 wherein the step of positioning at least one
2 one-way valve in a fluid path between the exterior and the interior of the sand control screen
3 further comprises positioning the one-way valve at least partially within the opening of the base
4 pipe.

1 22. A downhole treatment method comprising the steps of:

2 locating a sand control screen assembly within a production interval of a wellbore;

3 filling the interior of the sand control screen assembly with a sand plug; and

4 treating the production interval.

1 23. The method as recited in claim 22 wherein the step of filling the interior of the
2 sand control screen assembly with a sand plug comprises the step of preventing fluid flow from
3 the interior to the exterior of the sand control screen assembly.
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1 22. A downhole treatnent nethod conprising the steps of: 2 locating a
sand control screen assenbly within a production interval of a wellbore; 3

filling twe odmésti or of the sand control screen assenbly wcrlusas/samd pl ug;
and 4 treating the production interval. 1 23. The nethod as recited in
claim?22 wherein the step of filling the interior of the 2 sand control

screen assenbly with a sand plug conprises the step of preventing fluid
flow firom 3 thet.i nt'Ehd MEthol ab RRitBX Lifdlhi] 20%hEARE, Ba8E, © |

assenbly 25 WO 03/ 0640 Dot o o 1 yhbref e NCp EPNMIE S HEFRE of he
cl ai m222 wifee eerHral perees asperably tithia sagd plhe firthee compriset ptping2 fssndatoont ek
screen ass Ve W a,.sand. pl further conprises punping a first )

t r eat Ee nt f1u 'u%{imgm g %SE S ﬂ]tui F%cinrtfgmﬁgtﬁg {LEaes (lﬁ]éeg%’?fl coptrelseiesn apsembly #d Whereine
sand eont riat seploferafss e¥Ba@idn WIRHAI Rurttidr EORpELE r&;&fné 1,911
production interval f_u?t her cc_)rrp?i ses the s{ epspof gttljér)r%leﬂnsg S coéﬁg%e%md
treat dent ¥agmentifid infofaofommetian traveasedr ethe byeltboee, walrpiy £ thipLfrgitnenadsidi r d
treatnpent fl ui 6. cont ai ni ng secgnd soli.d agents into the production

i nter ggl , %R “ﬁ%% Fﬁcﬂ%}@f“ﬁ{f %gﬁ‘gts Bﬁﬂﬁ?erlﬁo “P%gervalt mdtermpipginataepumpine af theen
t he produchir@eithledf Maid WikenRBE sRdudhddh ' idhcdns 1he
nethod as recited in claim?24 g/nelrlei rﬁl ?ﬁg%é?ﬁ%gg&%ﬁ%}%n%gﬁ{%%ggégm%
treatment fluid further conprises punping a second treatnent fluid
conprising thir SOltt?q 3.agents.. 1 26. The method as recited in claim?25

wherei'n the coritent raid BYHSE asnkecited fyclagniZd whersiethe sstem of pamgisgon decond

treat gent tdatthéht iRy t ; t i I St sol id. agent.s |.
e 3 Fi rer e e R W PR el il AR BB P Solid
wher eBn thgewoncentration of the third solid 2 agents in the second
treatnment fluid is lower than the concentrati on of second solid agents in
the 3 third treatnent fluid. 1 28. The nethod as recited in claim 24

wherein the dengity . fluid is higher.than th
densi Itly of the@?f r stﬂ{erﬁelglﬁ?ri%& ?Jc% %&ﬁ%wﬁg%%@% ﬁ%nc?elétgatg’élcqftﬂé%t 1 Seﬁ%i m
24 wher ei ragtiite imlihn se¢ond dfeatnimt ﬂeizidsdbvtrdfrel@dmﬂaahonc%nfréﬁﬂrﬁbﬂfﬁsﬂoﬁb%%eﬁt@ﬁ”thé he
density of tRe t hi rg@}lc{eat ment fluid. 1 30. The nethod as recited in claim
24 whér ei frBtEeament 'y of the second treatment 2 fluid is higher than
the viscosity of the first treatnment fl uid.

1 217. The method as recited in claim 25 wherein the concentration of the third solid
2 agents in the second treatment fluid is lower than the concentration of second solid agentsinthe

3 third treatment fluid.

1 28.  The method as recited in claim 24 wherein the density of the second treatment

2 fluid is higher than the density of the first treatment fluid.

1 29. The method as recited in claim 24 wherein the density of the second treatment

2 fluid is higher than the density of the third treatment fluid.

1 30. The method as recited in claim 24 wherein the viscosity of the second treatment

2 fluid is higher than the viscosity of the first treatment fluid.

1 31.  Themethod as recited in claim 24 wherein the viscosity of the second treatment

2 fluid is higher than the viscosity of the third treatment fluid.
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1 31. The method as recited in claim24 wherein the viscosity of the second
treatnment 2 fluid is higher than the viscosity of the third treatnent
fluid. 26Wwo0308064811 PCT/US03/01742 i 32. A nethod for PCceaiSosgL7ae
formation traversed by a well bore conprising the steps 2 of 3 positioning
a sand control screen assenbly-into a work string and |locating the sand 4
control screen assenbly within a production interval of the wellbore
proximte the sor Ml Q8thod RorRieaRh IS fRmblistrater@AbyRNYelftokd cbngRibind) the Beps
first solid agents through the work string into the interior of the sand
control sofieen assenbly; 7 punping a second treatnent fluid through the
work string into.the formation; .8 punpin third treatnent, £l ui

conta ni ng secBAUILYNE 4 S&ﬁ‘iﬁ?@qlﬁf’%e? ﬁ?egpﬁaﬂ%‘? Fon" QS%?nngt aer%dvlél)f:%lﬁn%ntge fgnd
term pati pghitdl %cr@bﬁrﬁ’és&?.b&fwiﬁﬁl? alphd duBtidd Bedrim B tHel widitborelprdBimate ﬁierfgﬂmatiom p

met hod for treating nultirple formations traversed by a wel |l bore o
conpri si ng t he psmppr adirst3raatses fnideehipigpog fitst splidagents threwgh the workssinag into
control screen ,asgrgﬁlrgl ies W tri neéﬁtr oduqttﬂi.on 4 intervals of the wellbore

pr oxi frat e tHeHBLCHG S contrgh M ASHFFY>ui d flow fromthe interior to the
exterjor of thg@@ﬁ% £ PhreRGERTid SrasHanb WopS strifg A6 iRbloymARH; t i oni ng a
service tool relative to one of the sand control scréeen assenblies; 8
punpi fig a tr eapomping 4 thidl treatmegihflvidecontining second| solidtagemn éntofthe peoduction
production intervals; 9 termnating the punping the treatnment fluid; 10
oper abl y p¥&ivek@Rdng the service tool relative to another one of the sand
control screen s DA .@atnment fluid through the
servilge t ool iﬁ?%&%%%gﬁgﬁ%ﬁ@ngg)ggﬁgmﬁggﬁ%{élﬁto%ﬁﬁi:% intervals; and 14
termnating the punping the treatnment fluid. 1 34. The nethod as recited in
claim 33 wherein the s_te{) of preventing.fluid flow from 2 th interilor to
the ekterior of3the A saingledgrmpehod for dreating mufifnle HP’E%‘E?VCE%ﬁWiaSWQI bore

preventin oy n{) fromthe interior to the exterior of the sand
cont r ol S%Préléﬁglgg?ge t%p%‘gﬁsf. with at | east one

3 respectively positioning at least two sand control screen assemblies within production
4 intervals of the wellbore proximate the formations;
5 preventing fluid flow from the interior to the exterior of the sand control screen
6 assemblies;
7 operably positioning a service tool relative to one of the sand control screen assemblies;
8 pumping a treatment fluid through the service tool into one of the production intervals;
9 terminating the pumping the treatment fluid;
10 operably positioning the service tool relative to another one of the sand control screen
11 assemblies;
12 pumping the treatment fluid through the service tool into another one of the production
13 intervals; and
14 terminating the pumping the treatment fluid.
1 34,  Themethod asrecited in claim 33 wherein the step of preventing fluid flow from
2 the interior to the exterior of the sand control screen assemblies further comprises preventing
3 fluid flow from the interior to the exterior of the sand control screen assemblies with at least one
4 one-way valve operably associated with each of the sand control screen assemblies.
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4 one-way val ve operably associated with each of the sand control screen
assenblies. 27 WO 03/064811 PCT/US03/01742 i 35. The method as recited in
cl ai m 34 worBkhessiconpri sing the step of allowing fluid 2PCrawo$eom the
exterior to the interior of the sand control screen assenblies through the
one-way 3 valves. 1 36. A single trip downhol e treatnment nethod conprising
the steps of 2 respectively locating first and second sand control screen
assenpl i es withsn firhg Ene%r&i as3eciRE AElais 94 BitHeP BorhpHishy Mk St fof alloveing MRiE
proximate first and second formations; 4 operably positioning a service

t ool 7 el aflowdrdanothelesterior totthe ammomoﬁthﬁ@ands@m@e}ﬁca@géﬁﬁ@mbhes Hrgughithgpnoriay
interior of. the first sand control screen assenbly wth a sand plug; 6
treati ng VXSS r st production interval; 7 operably positioning the service
tool relative to the second sand control screen assenbly; 8 filling the
interior of the second sand control screen assenbly with the sand plug; and
9 treating the3éecoﬁﬁmp@edmpdowﬁhﬂwﬁeﬂnahhn@hsdcmﬁhemneﬂhuﬁma9freC|ted in

“nter or 1ot nE“BeBRNUPCbe g SufodH Bhe SRk Berrendbbmifien sy T uld

3 second production intervals of a wellbore prox1mate first and second formations;

4 operably positioning a service tool relative to the first sand control screen assembly;

5 filling the interior of the first sand control screen assembly with a sand plug;

6 treating the first production interval,

7 operably positioning the service tool relative to the second sand control screen assembly;
8 filling the interior of the second sand control screen assembly with the sand plug; and
9 treating the second production interval.

1 37.  Themethod asrecited in claim 36 further comprising the step of preventing fluid
2 flow from the interior to the exterior of the sand control screen assemblies.
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