RAT HOLE BYPASS FOR GRAVEL PACKI NG ASSEMBLY

CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0001] None.

wO BAbHlYENT REGARDI NG FEDERALLY SPONSORED RESEARCHUSR05/028070
DEVELOPMENT [ 0002] Not applicable. REFERENCE TO A

M CROF| GAT AGTEBYP ASDS FUR URAVER!PAGRIRG ASSEMEEY
THE | NVENTI ON [ 0004] The present invention relates to

gravel packing of hydrocarbon producing wells and nore

Oravel packiaosRERRucE SRR R AR HEATION T o

[0009P] [oheand gas wells are often conpleted with an
open hol e in unconsolidated formations contai ni nrg_

fines and® EAREMENT REGARDINGH EPERAY-LYr 8EGNO

the formations. T, j 6%%‘ ui ds can
abrade and ot hermﬁgmfaerb%n%?gge purr%g,£I4 etc. and
[oue2 beNotappishbié.om t he produced fluids. G avel packs
whi ch include sand screens and t i ke are E)immnly

"hstal g | nRETERENGE T8 AMICHORIHME RSP ENBIR g
@raggle: n,\fol?épﬁﬁ&%lﬂé:ed fluids. [0006] In a typical

pac g Opé€ration, a screen is placed in the
wel | bore and posi ti GFhED@R MHE NVENTIRNCI ng zone. The

screen s typicall ted t tool, stri i ch
PRBAEGeThe PRt Mo (RRlESofo HaveheddsdTy aty filgrocarbon

P ; dG8QRg Q’%‘@%ﬁ‘f’ﬁ’ﬁ? p%HE:BPJrIS/ﬁg PYrfre)BE&KIRG sﬁfr%&%ésgrfgr gravel

string. | particul ate"matter, usSual gr ade
paokihgeasbendfliesr ed to as gravel, carried in a fluid is

punped down t he j ssover and

into the annul usé\gémébsﬁ)eoﬁagﬁnmlm\?ml | bore.

[0D05F! UGl drduighd el Qdre ideAUEBNidMSedCRa@N aMhi Ger shole in
sized to prevent the sand in the slurry fromflow ng _
ureonsolitaied hformatiens fcantriningufigesregndhl send dictbifow nvign fluids

pgur e % Giiafahts g ot EirEMe oS 0B ptfce and
dtheffibe apthdeotubirgy iimpsy retat amn niust@e @mbvesaintiorr the produced
flow ng into the production tubing. )

fluids. ravel packs which include sand screens and the like are commonly
installed in wellbores to filter out the fines and sand in the produced fluids.

[0006] In a typical gravel packing operation, a screen is placed in the wellbore
and positioned within the producing zone. The screen is typically connected to a
tool string which includes a packer and a crossover and the tool string is
connected to and supported by a work or production string. A slurry of particulate
matter, usually graded sand and referred to as gravel, carried in a fluid is pumped
down the work string, through the crossover and into the annulus between the
screen and the wellbore. The slurry fluid leaks off through the screen which is
sized to prevent the sand in the slurry from flowing therethrough. Some of the
fluid may also leak off into the formation. As a result, the sand fills the annulus
around the screen forming a gravel pack. The sand size is selected to prevent

formation fines and sand from flowing into the production tubing.
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28974. 01/ 1391. 54303[ 0007] In form ng the gravel pack,

it is inportant to keep the sand fromsettling out of
woOhereghssory before it reaches the screen bor eh®C®US2005/028070

annul us. The viscosity of the slurry fluid, sand

[0y i clig fél*niﬁﬁ Qﬁ‘é’ g%\fe‘?'ﬁﬁb@ IQ%QH‘EJTdrt‘énEj@ R&SP tHe §AR from settling

m ni mum f | OWVG OCIty at which the sand renni ns
oglucipteedidrry hefore it cracheadie serganobprghole amreulbs.uilde viscosity of

e otk B P o e a2 o BB o € BB mBTiRaRm B8 the Rlinimum

lOR RIS dtnvifich hige wahd RerRinsTospapRed iRaiHd &intindes to flow with
wel | bore is normally drilled to a larger diameter than

therfivid.ower open hol e portion. The casing is normally

IGUSRET " h dnbCont)P Bhler PabRafiaf SRRRt PErt . Bawbfibpe i tined

withegteeli aging ehitly i@ depidrited ino theewehbgrer Thaneddr part of the
bore bel ow the bottom of the casi n% and above the

welkoreds noraRty ér"l%&]aﬂéwg@rﬁ@me@ﬁ kan theeloyariopenriae portion.

TREEHHA0 R0ret) ARELET B6E obfR A c0IBRLp Y AER B over,
gérenally epmﬂehdlla&nemrtpomﬁmramjdnﬂaecbf {Teere eEf eorradlly a pertian of the
R SR tET Roreeidign e PAeHoOL S PSR POH SOt ene Smaler
d| ét@robﬁeﬂ\’ﬂbleepér‘%n %‘f rtﬁ@ Relindrik Z?ﬁ)lgﬁldﬂ R&s %to@lﬁﬁfétﬁldgrte‘éter than

e screen are in | ower open e portion
th@r ianet digandtengf ﬁieutzasynga andrgseatiee tharl theadinoiaier ofntheHewer open
ased w_t hroygh .t herat ho

nGigopSiBE Ak . e, Folre) h'ad K, St oik ‘Rl A%l pagking, the

croBSovett amPlite kel @ite MsnaIll e ek tHe %b@r pdrfigR ot thBekellbore
the cased upper portion or the ogfn hol e | ower

white the scrasheanrd iiank pipeveansiestsict tp the serganfaredntthg lower open

nGERREEN, | TH el ph S Rrd Fihrs' eoBET SRR i jre cased

pdrtien radid rabkeflew earongl thetattitols wdiog ite Féadmthbeﬂmmﬁséaround the
sandflwdlzed When this happens, the sand may settle

s@aenofSinge tae uat {olen BORAD et Adarder shiarmgterghan 2aither ghe cased

%&TGQP% ﬁ@xf ar[eoﬁbe%r? ﬁs{[édg%gf B?ﬂ%ﬁ%tﬂég%ﬁ‘ﬁgﬂgmﬂﬁ?&lmg Si ignificantly

reldUcedilehmagd ttieeat hole greak Infsfomencams respetiallyin hbdzdrmat wells,

thé Y A SGIBR, Ereh Gt ROIE P End it s EURIciSt 4 ke fhe sand
ﬂdlﬁIEle When %l@%{ﬁ)ﬁ%\ﬁ@ that séﬂ@ﬁﬁg Qﬁt B’r"ﬁwer Qhrrg)%ﬁi’ cause a

e slurry nust down to e open
sayethiidge praventy@tm slyrry firony eea@hmgethemem unpackemspemhole below
thebﬁl ow velocity and flow regine which nay initiate a

thga{

[0009] In horizontal wells, even if the sand does not pack off in the rat hole, the

low velocity in the rat hole will produce a relatively high Alpha Wave height. The
slurry must flow above the top of the Alpha Wave. At the bottom of the rat hole,
the slurry must dip down to enter the open hole section. The geometry change
causes fluctuations in the flow velocity and flow regime which may initiate a sand

bridge and prevent slurry from continuing along the open hole section.
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bri dge and prevent slurry fromcontinuing along the

open hol e section. 28974.01/1391. 54303[ 0010] Fl ow
woebmoridyp7may be mai ntai ned by increasing the parasei0s/028070
punpi ng of slurry. However, the increased rate usually

. The :hi .
106, 1ol SSBLioPHER, BE Fhtfdhod BY i PaEhoiFRate of ppmping of
slmrymHloweven dhe ingeased: sate Ustmally cequiresurigiessi purhpepressure. The
fracturln%[of earth forma

FoUTS MEYCBaES DB g W g dhe formation and
l?%lgﬁr%scafs'eg%é’?&éhsfeounc%sﬂ’éﬁle fﬁé;(ffﬁh@oﬁééﬁﬁ ¥orm Eﬁ@n?ypass

[ ow path has a cross sectl area sel ecte
mai ntain the fl OWSWMARWQH‘THEGJNQ’IEMEDI\{)ackl ng

| ffi tt .

lﬁéﬁlf > o e eSS Jathiory pRidsse (R8st HEurAdtht9s cspve! packing

e‘FﬁQ‘nyﬁEé‘é flod [SRAHAN efods ftRtiohsl FBBIdehsbten t& maintain the
sectlon 0 ubi ng between a gravel - packi ng crossover

flamd velosity eéthe Drﬂyell m@kmgsslgrrzeaj atryepsufficianidd keep the gravel
ass gtedlrregularltlesma

Rﬁﬁngoﬁag%tskﬁgeﬁg%cgggﬁp Séw qu i s the annul us between

[00€2] | NeY oBé @nititrlirnBit, R0sedionl GMWirkeas cafridel h er 8ddtion of tubing
provided to restrict fluid fl ow between the |'iner and

befwesrdra aspeel-mERking DESSSRVETIRON eFsqnaenDRARENdSS] 09 1sized and
Hénglogéd t(§s g‘ﬂtﬂol?%ﬁ&%&aveﬁbﬂ f?? fﬁ’ﬁtl@g it wellbore. The

ment a co assenbly
bypabsuﬂowgpah ds cu&sanauluastﬁwbéry thea hb@'rpa;scs th@tubnag Se\ flew seal is

assenbly in a vertjcal well. [0014] Fig. 2 | noyJ e
%%%@r@éﬁrw%%f%@gm%hwﬁqw o lider and the borehale.
gr avel - packi nBR@EP@SCRHﬁﬂ@F@PﬂTH’E@RAWINd@“ zont al
well. [0015] Fig 'S

a partial cross-secti onal
[001 3ist r Bigi dnisof geneaal scharhatice d(agua:rm sisowing ,mmwienaiiodiment of a

I | ud I d wit
PR sre snask gl St M A SroRmarr SrearhBis s byggss, and
ah&lréeﬁ‘b@%m TALLERIdESfER PTI ON Q: THE PREFERRED

0016] Various elenents of the enbodi nents

[6%4]d eSElgl- Bed animore detailedraress sectional illusiration pbsigravelgpacking

JB88s EdtelBofir Ry & B4 SEA0 < (Fom o or ossover.

[6@15]ver FigcaB \@B'é SpartiBRy S@rb%%ewléﬁalaﬂﬁwﬁbﬂldn b@f an alternative
| ocat ed bel ow the crossover. For horizontal wells

t he
esehaslimen [In whidkos ZvRess | nati Bpsiugesd perforatians plugged with a
r&ﬁﬁ%ﬁﬂ%%ateﬁ%te‘%& |ltap§ pFoQ{uw&ﬁ frBHPénrat hole area.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
[0016] Various elements of the embodiments are described with reference to
their normal positions when used in a borehole. For example, a screen may be
described as being below or downhole from a crossover. For vertical wells, the
screen will actually be located below the crossover. For horizontal wells, the
screen will be horizontally displaced from the crossover, but will be farther from
the surface location of the well as measured through the well. Downhole or below

refers to a position in a well farther from the surface location in the well.
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the surface | ocation of the well as neasured through

the well. Downhole or belowrefers to a position in a
worbde/okzaor her fromthe surface | ocation in theraeits2005/028070

28974. 01/ 1391. 54303[ 0017] An annul us, as used in the

(ﬁf‘ﬁzd' 'Wﬁ‘taﬁnulﬁ %U@é@ﬁr{ bheaerﬁ%&l%é?% Vg glenbrdlly a space between
genérally [i'ndrical elements fornmed when a first

tvg@genaﬂally cylmdmalr ¢leptents tarmed whempadirstigenetmllymyliadrical element

SR SRR o HHA TR SO,  wo
|s°§%yﬁﬁd?l%9ﬂelbﬁ1éht‘0@hélbﬁfa§ b Pésiteidd ifa wylbdire the wall of which is

generally cylindrical form ng an annul us betvvee t he
gsoerraﬂg ddmcmt faemingoae . anmilys bgisgmire d¢ l@gcqmd the wellbore.

[ﬁaa%%{nﬁ §£ s%ﬁ?fb) @?g%ﬁﬁ{éﬁ‘% té@g%drl]l rL‘?{OV\'F ltlﬁégﬁ'ﬁ%r element centrally

pbsiHened meetéb%;bnd nid @ho@ﬂ&j@untdératxbobehaﬁmaelt elerrdamrmay be offset
act ually contact a surface of the outer el enent

asd raay agtuglly |contact gnsuréace. obther piger eyl gfcsqpe Zadlal location,
fgo, drf g ﬁ‘)klve\f’esllch of thdﬂz%{bl ‘\’/YellanTﬁé”\‘M {#Sof én LhRURIAE &herefore

pi'cally not” the Sane f ad irections.
tyeEly Indtitige sdmprimall Maladlmilenal schemati ¢ di agr am of

G gl 3 rolads o8 Gerera” Sdhetple e i S8 4Rl packing
28584 Iyt é’c&‘?(?lhgrto'dr{éjéﬁ{bﬁﬁﬁnéﬁeofr tﬁb%ilé’rﬁldnocﬁlg' qng @tcrawn to

poSi |ons 0 he various elenents. [00 bor e
sd:@leu in cstlevto pettesiiiuptrate theceldtivet incatiants @aﬂ pnsmons of the various
nqﬁhons 12 and 14. Formation 14 may be a fornmation
i ch hydrocarbons may. be produced. An upper

[OP(d] OnAl/@elfbforé‘\ﬂb' |§C§l'févsﬂfp{35§31ﬁ@®‘éﬁlo@ﬂ y hifvoupl deetnformations 12

dril'led to a g)ger di aneter down to a depth 18 above
anlde1<1hr oﬁnrma’(@nf maay die adformationdiorewiinl hysrecarhens may.be

(E}écﬁt 49 h p%eﬁbr})osr&ﬁ?f h tqigdqﬂgo?e% B dﬁ@jﬁm@ gg Iﬂﬁigmgrbeteiﬁecﬂ'llled toa

Iéﬂ@ef H%n@@tér ABwAOtoPa Siettp 16 catsoveethe ;srbaucmga’omamm e4 but may
depth 18. The portion of the well_ between the

extensk lntcrﬁlecf@émﬁ@o@d"rarﬁd staph Caspor] sastinnegdn; 186 UbPer portion
PSS CEA Gt Bl B! 0k 30 o/ B caifgics some

_  om een neters
distaiicd lsovdibeatuptih 48. Mtievmetion betheaséihped@eartte tiotiom 22 of the

borehole 10. [ 00 A | ower. por of the (1, 1
Cﬁﬁ@gb%%ﬁnarthPld@@%bL? PHE s W%P'B/ 5936%9\&01#%& fidle 26. A
t@l&‘?lfr‘éf 'ﬁBﬁé 98 nllﬁy bENRonONRS td?ﬂftéér?'ﬂn@céré Ron 90r0:_eh4@ﬁt 24 fills the

rilled arter the casing 20 has been cenenfed into the
anppkrs bﬁweanmaﬁaSItT@éOIaMdherh@thmmS may therefore

[B@@O?QAIIQ\?/SF pngtI%HPZISE of t%e we} 16 %a 'boee%Sdrlll%% l?él&NQﬁe & hole 26

down through the formation 14. The lower portion 28 is normally drilled after the
casing 20 has been cemented into the upper portion 16. The lower portion 28
may therefore have an inner diameter almost as big as, as big as, or in some
cases slightly larger than the inner diameter of casing 20, since a drill bit used to
drill lower portion 28 is lowered through the casing 20 to drill portion 28. The
diameter of the lower portion 28 is however generally smaller than the diameter of
the rat hole 26.
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cases slightly larger than the inner dianeter of

casing 20, since a drill bit used to drill | ower
wQaodei0as8028 i s | owered through the casing 20 tecdmiskdos/028070

portion 28. The dianeter of the |lower portion 28 is

[6UVer TRIERREAYS Yn HOREHANE didiaster Rt tHe arvrloan 18f oft ihe ratthole 26
hol € 26. 28974.01/1391. 54303[ 0021] The chanae i n

castethal Borshelesireaguiarity vehigh troayngeserste th sand tbrigdgeeon gtherwise

AT T B B OB R0 14, o

rRegilidritbsamali Sastsselgwatev Bottéhhz2 dfythescasﬁngJQOedmﬂ enay extend
| rre ularities may exi st bel ow the bottom 22 of
&‘@ @@hﬁﬁoﬁ%ﬁo%&%%ﬂ@ebéﬁ@fvﬁw and ca@eting thq;gqsmg 20ina

t
PRSI e et s
t@locaie &g bettorl ofrar @Iﬂlresartvalr dm Wwhesd Eha hatérdet/eirusofWhen this
an oil reservoir and where the water ’evel

tegiing is eempigjed sthe apsneide mayke GREIRN ga%ép tgg casmg and then
d?lﬁé@ﬂﬁ?gglq Erfath%n%?ﬁtaF%ﬂhn Orife d Zﬁé@é‘tlcﬂ{é +l| &&eﬁ&'ﬁ‘ro?rg@ier}at hole

ese oper 1 ONS extend from
t6 eomeatdistahee tlmelswnihed ratt holeeabd | mayt treatentirreégllaritigsd for some

i 530k PR ShE e 30T PRI ERE s e for
g?d%f %bré%ﬁi@ﬁﬁé aflids NPIABOIR hdleegreharthal &S lrrégularltles

ol e area, t 1S |rregular|t|es associ at e
aasommd with oxemsreaa@rhabl@ poxiimity §o the easng sRo;mg2 @ﬁdéatzlzole 26.

rat ,hol e .26., 10022
B0 BPb s R B R Rh PPl B ATRRRT itk 10. e
2R8EMblyoNES BSer iwdréd tntvahé wkll 10o@ awesrk stting 60 V\’Bﬁch extends up
whi ch "extends up to the surface | ocatign of the

tathe pudacsslocatie obthe welk 4Pr ifeBrash aves Sdfsar fé%ﬁ’do%ﬁl‘é lower end
TRl L0 B84 852, BAHEE ot aal i e

cregseivbr 82 dndbthegasihga20l @olehgth 3Btubirie3a ahdamllah 88 extend from

| ower end of crossover 32 and ort th
t'@%ﬂQWan%@Pf%S@WSK/@? §PR@°'§E ﬁ%m?'"?fpé)%%]m&ngf the gravel

20 ffcording the present invention is connected
to aﬁ} suppyt ed by the collar 38. The bypass 40

[0023JudeA bysasst “Onacdordinli tige meseﬂ’u mhen@n d®rgeninested to and

|
33%8%3 BB Gol She 1B UPASH AddnGLRes acrasion g 1l 4g, which
ENN s‘é@erefl Qep8HAS LGS BbAEASE HyCcdllbs, SRl oné Br more

carrl on the up er outer surface of the liner
saemmsammmew% wpa@somdhesttmrag 2abl 4 peAli #Poifeid example an

e‘ias?omeplg cTQ’JSasea is icarrledcg}]i ﬁge %6&1 c'ﬂjt[epgurface of the liner section 44.
The bypass 40 is preferably positioned so that the seal 46 is located within the
casing 20 and is sized to contact and seal against the inner surface of the casing
20. Alternatively, a separate seal element 46 may not be carried on the liner 44,
but instead the liner 44 itself may act as a seal by being constructed of such a
large diameter and sufficient length extending inside the casing 20 that flow
outside the bypass 40, but inside the casing 20 is so constricted by friction that
such flow is significantly blocked. The length of bypass 40 is selected so that the

5
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casing 20 and is sized to contact and seal against the

i nner surface of the casing 20. Alternatively, a
weepwriatm7seal el enent 46 nmay not be carried ORCTHS2005/028070

liner 44, but instead the liner 44 itself nay act as a

|o%@leﬂa>/oﬂomenme¢qas%ramr%l@h the Bottan] a8 &F thk aaEhEte wnglnd any
sufficient |ength extending inside the casj ng 20 t hat

othes ssraiaieddareiolp jipegidautes. ycolartis pravded st i lpwer end of
ted by friction that such flowis

thsestb'ﬁ?\g e%ﬁ{’{'f&bl ocked. The length of bypass 40 is

[C0248 ct Eleent B3t st leferrdtP T heidid 331a FHha0 Sbevrseeindhef described

the liner 44 is at or below the bottom 18 of the rat
efbodimentsan aifipld ivurdarelsaenh cemniilk iglegred to as liner was used

' r I a® t I [t
o FERGHAE Lol 60| AheAlLid BEOYpART ol | £4E posiione
belefetheedotiom lufrazisinga0 aomevndrat Ilkecaapeﬂfnanemthﬂell liner. However,
descrLbed enbodi nents an oilfi g bul ar.. el enen

otf@m%mg} tulyglar megnheys gray Pﬁéi.se thedings idé- t#éch members
%@&%déépf ﬂ%l a‘f‘(ﬁerﬂa ﬁgge tfin Prﬂél?w%llga'i\ld?lolln\%}]allié fd)rsexample
SI tione ow t he

oft om of casi ng sone
ﬁlaergmssawmlanmbmtiem eouldHdse berysedt toemake [thé dher 44. Wh|le the

iRt S SHESAEUSHRBA & Soes BafiTias tRenayd A peitioty Sindrical
slﬁébé KoutRbliRt hANRDsiiscd ln*e@ulafrﬁiés %&@H’Fésecdrk@hghé%% built, or may

tubul ar nmenbers could al So be used to make the |iner
ba dbenthidestachor| dtherwisa defornedttansorael gxtenb@uging handling and

pfSud A AR hrPRR Brpafr L Shen as S

[0025] UgA beenafssBribly 50 @ carfigd h therdollad48! Thedcreen assembly
otherwi se defornmed to sone extent duri ngﬁhandl | n and

. 59 grayt inelidePnerramees blagk duking seetiansnat.i yibing section

5ﬁlgsoiﬁﬁ%rﬁe8 HsH5elin §ﬁ8r'?pél¥%\geotd tﬁeca%'il.lﬁ 4 S%@régh 5(5‘ qt 1% ‘Unld@Fstood that

creen senbl

blinkrdectiol i5igcaebeiod myﬂeﬁgthﬁés headdd td @rdspdllyn;g)srt&m thenscreen
r{ relative to

51is |IIustrated as . bein
5@cthhg sdesrassembly 90 jis paﬂg%me&o WéhIn hex lowsamert@@c%ﬁ% ghthe well
r I
18 b8 3aRReRt a BRaQGHghOBR of FistionCr £ TRE'Autbase of the gravel
pacsng assmdbhyl is o cotripetelyvidy oppack, dine zanuIUStﬂﬁ?eb@Melenmreen 50

f f
2 the, o BEbE Mer ReRigRee ol gbieh podsBa ple e B safa.
[0026]! eislavef phdkingis padrmdd By ABMHIS hérpet @%@/@I packing sand

screen 50 and the borehole | ower portion 28 w

inga Bvidl dqvercttiroiggip e Wouk sitieg 8P. sbémosq-owéqZ @%elgrry flows out of

oBG L iteSor P B ot o0l BB el Rl 'S8 pgloated by
tt%oarrdw 581 OSinceYies s8dl, 48 restisdtsl fibw ihlpamsoldie arfnulus, the slurry will
flow into an annulus between tubing 42 and the liner 44, and out the lower end
thereof as indicated by the arrow 60. The lower end of the liner 44 is located
below the rat hole 26 and in the smaller diameter lower well portion 28. The slurry
flows down the annulus 52 to and around the screen 50. The fluid portion of the
slurry flows through the screen 50 and possibly into the formation 14 and the
particulates fill the annulus 52 forming the desired gravel pack. The slurry fluid

6
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one or nore ports 54 bel ow packer 34 and down the

annul us 56 as indicated by the arrow 58. Since the
weeals/aBorestricts flow in part of the annul uspCThg2005/028070

slurry will flowinto an annul us between tubing 42 and

WhRh! flodR' infifihedstde 8 5ot fvd %“g{rloggg tﬂiﬂﬂﬁ% 89f 38%0 trlule grossover 32

i ndi cated by the arrow 60. r end of the
and pyt apuppetpeebowabove paskehdt es dddicatadihy thearsvab2e The fluid

el Bhihe "B Hrand bR A e BB SRn Telini e pgnulus 64
ipstiveeAvdtk stritgy 30 Hhd Yhé badiRg bbr ough the screen 50 and
IﬁOSSl bl ﬁ_hl nto the formation 14 and the particul ates

0R¥] t hd hgrmiosseyes 221 packen 4tans shreen adsemblydd0 paylbe the same

ot e B B84 R e e i
art essembliess 2hasd comipdientdBRE cBRhECEE tBgeter RMRKBY B4ection of
as. i ndj cat ed b%ipt he arrow 62. The fluid then returns

twhingr! Baving sefficiaralangih & pesiiowiiel cragsaveswizrandupaakies 34 in the
BB 70 58 1 LR 455K oS L PRy WIEpERRIIEL Al 1. v

the pmey akeassbmbhgtee gs?vabﬁpd{iﬂglblwqﬁwduldrﬂﬁw theough the rat hole 26
rave cki ng assenblies. However, in the prior art
SR SPepfl Beraaamsie asSIy istibe Podicultet wepld settle out
o f_ . haw i
b s rReBaD ORI WAl J0" SIRFHH 18 ot o boio
afhibeceati gje 226 amdothbe assodatedsbomthale desguladtidsoosdyi also cause

' h i 14 W¢th t i t _asgenbly,
b LA RS i B e SRS aebs, orave
BRkg2fh He AnhEUYCABURASAE sdrESh SRShIXY bESHBOSHER! dr by have
that the particulates would settle out of the slurry

veitds. bYMithgbe diypaps 401 thatpressing in@ntiohethgeshumsy flgwdheougd the rat

..b f hol e 26 t her oci at ed
il 2R RSl 0Ss 3hcRin e FRDBCAMLALA boeen
liper dge and tutin@ Il USh@hawgller heross r iR atdh @idlfeimaintain a
case ravel packing in the annulus around the screen

desirablp high slusyeralies ydwhiﬁh@embemrﬁmlatef remeifesugpeaded in the
e bl AP RS RE AR K2oh 43 ke 581 ALEHAN, a good

gsavelipaskimay leaaofiet/é@. annul us between |iner 44 and

i.n 2. The small er, cross sectional area hel ps
lhﬁfﬂ A é'ga 2433 dnewe detpled paitially, Qrers-sectionpt iviaveigfsa gravel

R PSS Oy SRBSUAR O A RUBSEY E3REwhich may
beetbel same ag quaditsgstevet inpligk 1rerg diecratite sarad .reference numbers. In
Fig. 2, the well 10 is shown in a horizontal orientation in zone 14 with the
understanding that the casing 20 would normally extend through a substantially
vertical portion of the well above the producing zone 14. Gravel packing is more
difficult in horizontal completions than in vertical completions and the present
invention is particularly useful in horizontal completions.

[0029] As shown in Fig. 2, the bypass 40 may be formed of several elements
assembled onto a length of tubing 42. The tubing 42 is preferably formed from at

least two lengths of tubing. One is a short length of tubing 66, e.g. about three

7
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[0028] Fig. 2 is a nore detailed partially
cross-sectional view of a gravel packing assenbly
weacemwrodsng to an enbodi nent of the invention. Paris2005/028070

whi ch nmay be the sane as parts shown in Fig. 1 are

BeURS [bhG, samradted €6 eNfehdiniRtien dd by S coflar 7€ "r‘ﬂe lower, or

10 is shown in a horizontal orientati in zone
dewnhale enghabiha shait repctinat6a haecoamaigd 26 tineutaﬂar 48 It will be

8BS afHEBARFFSUE B BHORL AT Bt St Bectons of g
@m@j byaesliarg depameigy Gnf the YbhgthNoheid 29534 40 needed for a

| etions than in vertical conpletions and t
Fb’-f"B atWethvention is particularly useful in hor| zont aI

et o n_Fi the
198301 = BB Tygb 9 48lry? aReGNE bR Ll Ponls 72 e Botmeen o
Ibwegbhd ehptibamg ad LppEhentibiprs.4 Rower BrETc@pHA Mcludes an inner
forms%from at least two lengths of tubing. One is a

st o bersidpRly emried qn the)éihing Isestion 66, but to have an
AR5 AR R SAERRTSIRE DR eBORIEBUR 8 o P02 fpereore,

vdfert Asseshinled asesttmmnnﬁ’ﬁgJ 2. thelrlmwett e b@rg Vhen%)glshcﬂs! up@nd down
t ot onger section coul

t b4 oy BBEYEa 1088, e SPELascigh GoupT Ber obyl cap 74 also

HeR! A bBtet e 89 h‘é(hlngh&n bﬁf&t‘f'%@%ﬁ h‘%ﬁe Rmwal tdbom?t of the liner

needed for a particu bypass
sgction v Bcamrdieoapleérhgtthe eectlaméz bY2 callapBed Tiet maensleeve 78 and

Ju?%‘e% gﬁ?ﬁg%ﬁgg gﬁ@% endgﬁlg}%gtg(g etglgofgﬁl[ of rad|al ribs 84

vmlcrdamvyﬂg@ertbqdw%tweén&h@slﬁa@@%'a%fﬁﬁ but to have
an_inner dianmeter too small to slide over or past the

[0031]ar sThe upher 7nd Tapr €8 ds oerwsimilarstoe the dovers eatiomp 74. It

iihudesan fine 3T RS oFduhig Bkl S it SSotil, G ot Slfer sieeve
8§emd @nlieh Gibs Doecarmécting thetinhkp slckas %%rﬁﬂﬂw@%u&éﬁﬁéév@% The

% an outer dianmeter about equal to that of

UPPﬁ"eP de@n 66 onger daave SGpmay be CDHGG@@dtthhempW emd of liner
v out egve 80 ar

Sggﬂhdnn:Z?e Q@%{Qﬁegoéﬁlﬁ@l g? acﬁw Wfﬁlch % 85?%‘& e, pup 2af46. A

thradded u:ortmecﬂdn vbetoleeal boterf blaed@ 88’ éhw%dﬁﬂlmgegztbr%wdes a

and_ 80. [003 The upper end cap 76 is
ofniaTER: 166 o Sheintingthedgonbolien aldna due sesl feneihen the

b§bz§’é%Vﬂ03§ SSsbAMRY aﬁaéﬂéiv\ﬁf n‘P?:BqLU% e S %ag? 4@ Mhay slide a

outer sleeve 88 and ra connect
distarwe ¥p eanck de@naihe mbmg)éﬂelrmrkécb@yeth%lowﬁln&enmpap #hdnd the

sl eeve 88 may be connected to the upper
offs 48 A
[0032] The bypass 40 may be assembled as shown in Fig. 2 as a simple,

separate modular assembly with threaded connectors on each end of the tubing
42. The complete gravel packing assembly of Fig. 1 may be made up by
connecting the bypass 40 between a conventional cross-over and packer
assembly above the bypass 40 and a conventional screen assembly 50 below the

bypass.
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section 76 by a separate coupling 92 on which is

carried the cup seal 46. A threaded connecti on between
woutmro2sdoeeve 88 and coupling 92 provides a CORZEMISENE/028070
| ocation for nounting the inner portion of the cup

’E_ﬁ)%b] 46. Tq\qéhS\'?erjanqelp%tﬂaéﬁth 895&1@535@”@ doeaﬁeI%B%karéelecﬁng a

e entire a distance
Iangjtfdoﬁﬂtnetlm@rtsebtmg 725 Thefrid[vggsdﬁd tiIE?gW umz% @ﬁpcébﬁ 76 may
and the collars 48 and 70 The pass na
AR 5 same<limRBsans fegagless Gidhs averal lenodbghadnass 40. The
i 22 8550004 i B HOSEIRA AR FR nor 72
aid Eingicaps ﬂeﬂy e tmmidss dbe igc Gnahbemahga témbduymas ekfending the

stieve 200 HicBeu g Bote 2835 ARl Brds Sat alienadia adyiing the
S| earet e JARFSA: of s%%‘e% o %é%ﬂcbe's‘lé”&?’ é@@%hg-rgéometry as
overall length of the pass 40 may be sel

discussedhplow. étn@preferred iﬂmtltha @ypamw bava auffitient bwmil length to

B ed P RS 78 d0e PRSP bl 1 er end cap 74

iBYioRiBNEA at D Helow tHlofhir el 8l ob theSiipiniads bAa Qﬂﬁer associated
than the combined I engths of the liner 72 and endca

brehglg irrggulagties. ndoweyer, Zlugl toaneatthinges irthei depib of pf;cement of

AR5 AR 2 bl Mol g 8 B fidebo 40 o be
somewhat lspy@cthanthefatdwle6. ﬁbd aSt?pl\z‘aIQ@t hele! haviizea drbth of five
r8eometr as di scussed bel ow. gr eferred that the

Plsh3 St maYHe, desiiane & EFRV'Qﬁ/élbé(PF‘S$ AYneE 2 length eliweandy meters.
A chﬁﬁd *aﬁmk)% R %ﬂé?@a}ggé kH Bebtﬁ @h@& cff%é"{%kégss 40 which

ower end cap I's positione
waouwld rstitk pcovide efsmtbblerbypabs ffer me rahhblet Wlth tieseddiadeadions, up to

R ot o S b i Vs ot S SRS WS Siamotor
W&of fhé‘Wéﬁ'éra inl fhe”@dsub?% 2eahd apl dt Qﬁtfyé?ei:g?iﬂgﬁw% gravel

40 to be sonewhat |onger than the rat hole
pagkingsdparatiorhol e having a length of five nmeters, it

B4 P 208 GV Bkl rardeml Foer Bred isSentlt. it may be
positetininda pivéll Risasiesm@ntin gt he W@?éiiél %c%ﬁcbpéﬁﬁbﬁ may be
still provide a suitable bypass for the rat

Rertosedianrsaidiog {0 well knewn grawehpagiirg prastice h&ybygiag she bypass
AP ol e BreeseﬂF ﬂ{v%ﬂtlé%,t Bﬂoﬁlérﬂg caﬁ@@cﬁ b§/%|t hole %%ta%mded and a

good gravel pack is more easily achieved.

[0035] Use of one or more cup seals 46 is preferred to block flow of slurry
outside of the liner 44. In addition to the cup seal 46 carried on upper end cap 76,
a second seal could be carried on the lower end cap 74 and sized to at least
partially seal against the borehole in the lower open hole portion 28. The seal or
seals direct the slurry flow through the bypass 40 maintaining a desirable high flow
velocity and avoiding formation of a bridge in the rat hole 26. In some cases, the
bypass 40 may be used without a seal 46. If a sand bridge forms outside the
bypass 40, the bridge itself may force essentially all of the slurry flow through the

9
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portion 28 of the well or in the casing 20 and w ||

not interfere with the gravel packing operation.
w0QoBAR3kFt er the gravel packing assenbly has Be®mS2005/028070

assenbled, it nmay be positioned in a well as shown in

bgé%%sr.élfné&%@ﬁ%@%% 19 e rth 0@{33% fie f’l?lﬁrSflLﬁW&N would be

_ Known gr ave practice.
forsed ghicughbyipass héle, diut ttlhl@ ﬂpwesress sentxelmtwamd b;errﬁdluea@ by the

négrgafifj@q ré‘%g@?{@e 9&8@%{63/\,6\/0“%%@@3] toLgr@%gg{j gc?[ aaglpn of a sand
8 C%Ry e?k %tHeS sgaﬁﬁefrseﬂoﬂ As&d 06K id |0%W1é§eosbl=”t6bh off in

S|de 0 i ner I'n additron to the cup seal
pveﬁ:ecmrrtlofcthergraumqmckmg asgemidy im aswelhriiesuglass dil thayeprevent

SR PR B S BilA Ty ko ool

p??kgbg W iheTaBole The seal or seals direct the slurry
ow t rou h 't he bypass 40 maintaining a desirable

[0036] f | b\ s@alatﬁ lsyn@tmseaiv@r@mrgseﬂmtm siwingand pesitigging of the

blyga%g rat he rﬁ )égli]oc}(sﬁm vyp?gﬁgly P@qw @%ﬁr&rﬁﬁu%&ween the

liREE 34 %dtthe d@én@fﬁo 4Qd thBrbyrdulaearitiafie bipasy tHeorat éole 26. The
essentially all of the slurry flow through the

lineo44 nway nezgaleswsldgmg@ oyter diagngiar whichdermie acless fit with the

iéfﬁ%@@r’r’tpﬁq@ O%S%Bﬁﬁzzo t U v&tﬁéﬂ déé%‘ lh%)%lnftc% W"%@#Hogjsrl?ﬁwg the liner 44

ifeGhe @aswWoUIG! Assuitablecdidmieyert ay lbierthe dilt diametéresp‘elcﬂ’wd for the
velocity may be sufficient toé{g)revent forrmtl

caging 2 Prgeliamete, a Baelion of amdce 219. 68Xl 91{5%8”6 gharter of
dn mﬁﬁ‘%@?fha‘?\ nt{}%%'f’t d?élfneh:f} d?'tﬁ% EQ%H% 20f SPr?all@F 8ispheters may also

ng asse ass 40 may prevent
b‘eowl’mtile)nTbé Iangiamxﬂ liber dgmam ba seﬁctebcbse tatcl significant Iength of
faC| litate formtio

S ) b RN PSRRI ShoRECkD RE! L bRRel packing
@%’@ﬂdﬁ Ofine Abd afrea%%ésﬁh&m%emeaéﬁ Uy hz RAeISthd Gagmgy 20 wil

bstantially 'ow of slurry through the annul us
thetchyeve thviddd imto twa flovd areas, vl e o@jerty affbediey area in the

SUb atgt ' §|&| tth,\ﬁga}@S%,ﬁé‘ﬁ?é ter ‘gﬁ%‘%g’}"y V\#%g{éllr}%{rﬂ néﬁth'éq‘}’ow area

uﬁ'tﬁéearmutus%ém/efehethbnln@r 44 angtee Gfsimpl0NITRS, d.ﬁertance in flow
I ch does not interfere with running the |iner

dreas aldne oayi qagxsgcsubﬁtamra{mmll@fdhg@g{r@/r thﬁgwﬂ rqqgg the annulus
drift d,f o

e BB 2T IS i 300 ke sibgpopy o tner
angndithy ¢ing20 awillibecdubstartially h@&trld:tbd b@rfrléﬁordpmemerand will be
of the casing 20. Snmller dianeters

at a lower velocity. The friction pressure will d|ve|¥ subs?antxally all slurry flow
through the annulus between liner 44 and the tubing 42. The low velocity may
result in a sand bridge forming in the annulus between liner 44 and the casing 20
or in the rat hole outside the liner 44. Such an outer sand bridge may act as a
seal, further causing substantially all slurry to flow through the annulus between
liner 44 and the tubing 42, which is the desired result. A similar result may be

achieved by providing an outer diameter, e.g. about casing drift diameter, of the
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be suitable. The length of liner 44 may be selected so

that a significant length of the liner 44 may be .
woasictoessoed Wi thin the casing 20 for the gravebcpaskiosng2s807o

operation. The flow area in the annul us between tubing

dhetshd Ep 7636 Hem29 obse fit Remrbyadify db Wittt 'aﬂtélaét]%eric seal

flow areas, with the majority of the flow area in
4hAnd witheut neeassatilyiusingia lareer dinmateriner 44. and onl y a

PORE] 530 AeohioleMRt bERddh & rPRd ik BarS Ry B Batn thet

sutatentiallp e/ paByes aivs ¢at Wbk amdd.al The E!Nga@é flowe |tH”Hfa‘é a cross
to flow through the annul us between t 42 andt e

$actiepalareamnhshane which ern aﬁrmpagleﬁ@m@emomd@ & idesirable slurry

3! i, Aoy Mg OEAGYY Bt e ERGRE)icn may

cﬁwefaggregaie tp rdasp out ofMHd sidiryerlh the kpossidesktivedembodiments,
fl h the annul us between |liner 44 and
il Bt #5540 B e orayohagsanecli betuepnthe wbing

47 bA99nE ‘PihH?' ﬂﬂ 'lq%\k@\‘?erarlnlgl ?ﬁt"‘@ﬁ{‘ '1‘16‘ afln4 of‘gigsfr e cross

casing 20 or in e raf hoI i de f

ssetionairareataauld hade kmthefg@eomgtruest fear axamplle orﬁeu ot edre circular,
o flow thraou

TR e T S-St thos 2n oAUl soYIs hes0orhd éialy along the
ddﬂ@r slefddeest thé%Ul')lh? 45 ® Plovide & %‘?Héés ”EM‘nQIﬁ %C&r%‘ﬁ‘?cg are used,

provi ding an outer dianeter, out as
th@ itptal grossesentionak flowares @oye S@lls‘clemio W&exmodesma‘ulb slurry

ERRTo PP LY TR ek B hR SRS 75, TR gk avicec
imter fier qidteigdhulisneegrhéntd Q?Btﬂe [Z1E %&féﬂdmg“f%t B&Nand 90

grow des a defined primary sfurry flow path th

sRRdtixaly; drach eyphaar terefise may beldesariked asmadwpa@é a plurality
offls%WBFéﬁ‘é rboh@ﬁ ?eﬁéﬁsr%vﬁggéérﬁg%aggﬁ %ﬂ%éé hﬁ?ﬁ?s‘r §ect|on with the

e preselected to p

coaibined ﬂowrmi’eadhmughnnheepldraltw pf bOﬁcSwtsﬂptquﬁl@@ﬁEééméble slurry
ch may cause aggregate to drop

V&M‘fﬂg SZU:C rwl?plﬁrpqmﬁyltﬁﬁev@ ederd pyethengssie henath of tthﬁebypass
40l %Lﬂaéég;a*ré‘tbo&ﬁﬂﬁgé’ ?gg@nﬁg Xgﬁgl'eg tﬁ\%‘/ FR "tHe %Ega(%ps 74, 76, one

annul us bet ween t ner
eRdvaf\each douplesl mmmmemfttherfam quérteavarpalls eégrdeﬁﬂsrdietﬂned by the

B o O S Rt i 5o cver
EHénlSi_!ﬂﬁ rried

ng(ﬁﬁfiéﬁlgﬂ;ggﬂg%gbﬂ? surfgcsg of t e tu ing 42 to

[9738]i ddnasameavedls, the rallholgpR6 mey bei pasitioredimeal productive zone

aﬁatlf"hwc?y gé 31 éff’?é\l 9 a;'gqsdﬁ)r\{v a5&i %8%e%emst%e t(Gﬁole area to allow

provi
recovery of produced fluids which may flow from the rat hole area. Fig. 3

illustrates an alternative embodiment which may provide the bypass advantages
of the present invention during gravel packing without interfering with production
from the rat hole area. Most parts in Fig. 3 may be the same as those in Fig. 1
and are given the same reference numbers. The bypass 40 includes a liner 94
having a plurality of perforations 96. Each perforation 96 is filled with a removable
plug 98. A sand screen 100, which may be an extension of screen 50, may be

11
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velocity. In Fig. 2, the flow path through the end

caps 74, 76 is actually divided into four
waqueostoeszoannul us segnents by the radially ext erdrmg2005/028070

ribs 84 and 90 respectively. Each end cap therefore

i R g*a‘%nollﬁé ﬁIBlrﬁ’%gtr% ABER b@sn%né’d M thedat hledre8 € I5Y I8hg as the

uits each havi ig somewhat of a square cross
phugst98oare ini place mathaop@rfcaredom?p 86, theelinartfdoisgunetignally equivalent

g dne; 443aed HReiaes Sr i, JRHORG: Brfint] & orays! pack

béﬂ\?ée’netﬁeeﬂﬁérh QﬂfaﬁdTQh@yd@?éé‘n 400. Foutiers e rpkigs @enam temoved
coul d be coupl ed between the end caps 74, 76, one

fasmatiao Hiuidsumay diove frert theorat hiple pea: thiekgh de Ei?ﬁfu%@nd into the
s defined by the end caps 74, 76. In such
SQP%E%@ tive enbodi nents, an elastonerlc seal or other

s Gbodi@siifd ©F ithe dokem Q00 siitiein tthe ray bokes 28 (mapyetere that
use [0038] In sone wells, the rat hole 26

caes be itake ith thepsalertion gletheotpeAne/et JRayely 5 8 screen 100
ag;'alérﬁgllc)& F&s%%?'stdré)éh ?%rfe%g ‘&fa??ﬂ?e%r axﬁﬁ‘%u"t@l ﬂi’éﬁ{aeser screen),

Oow recovery uce whi ¢

ahtl a¥sbtiated bervicd tduid eisadda. plEceg the pialck Uetg. athess washpipe inside
al ternative enbodi nent, which ovi,de the

suelvaReiligesl ssreemal spuiAYE R iFSAeT S B EInapaE Hhical) within
tﬁéafgl{jﬂgle"‘% hog& %tefécftlgh' ng%é 'he@ﬂ@ﬂa L%B/t teMBblyT 98K B annulus

e area. S parts | be the same as
betvwesan the Bogeenl 160 carat ¢hagilinen QﬂheSyahesmarWn@% of screen and

219) Th 40 I
spRoPtAgvelRTa Y eSS skSitina A pLot R G
[doddged % EBn@IétSIM@b‘I@pﬂidﬂﬂtl&%‘ thréuglﬁfﬂlﬁ’e 66N 2 Afdans to open
an éxtension of screen 50, ma be 1 1

tmwn‘omnomsgaa sarsogh rtbeine 94 afthe orams! macking isgregpiired.  One

d t d
saTey e 9 1o ol e rdplldhig FhaP 0p T LB ertiatts o6, which
plugecolid bleSretvetdi 19y 8hémiczilar vieedhiidad nidehs suudr aghluid contact
and facilitates gravel packing, including formn

withathe! plpgs lefiestareeel parking ifePOBBlElndOL MRETelyr ienpdesage of ime
APPER i Rt ol TR o B! e th gy, wol bore

fluidlso Suvh reei®eblelpldgs 206 3]l Hﬁowntmdhelagt d¥onehcannﬂe dd:®. Patent
s RS oo P UBk o BA5 e S et suon
o hEoRHARR 408 ooyl OSLeT, Fadk SofpRRr socrial
besamn ﬂt@'chawralreletlveipllmmwel of etghling er dissopdioR whemycontacted
btyhgn \g%ls B %as{a solutlon as compared to the rate at which a steel liner is
affected by such solutions. The plugs 98 may alternatively be made of a mixture
of magnesium oxide and magnesium chloride that is soluble in hydrochloric or
sulfamic acid.

[0041] The plugs 98 may also be made of polylactic acid, which combines with
water to degrade to lactic acid. In oil wells, an oil soluble resin may be used to
form the plugs 98. Both polylactic acid and oil soluble resin degrade at slow

enough rates that they would retain sufficient strength during the gravel packing
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such additional screen 50 could have a | arger outer
dianmeter than is typical) within the rat hole 26. Such
weebmokson nay be needed to reliably pack the aonwiSp®s/028070
bet ween the screen 100 and the liner 94. Such speci al

byeetionf bﬁﬁd??dé%n%éfél)ﬁﬁnthiﬁ%r% 8F %Wéel&é’\g@é}bjrpeontact with

hose skil | n the art "of gravel packing
grahols fyigs.enabl e production t hrough the liner 94, a

t f th h th | 9
07 oriaefiioh &8 MEVATha Il <ot oo ! Biharisbemicals
usad 46 trdwt oiemmlisbl Suehugmitdhald nditige Rﬁ{cfs@héfé §8§le9fﬁh,bltors or

whi ch %ﬁ s, coul d be_renmoved by chem cal or nechanic
e% inBibitpls o Selictifiad ori encapselgied gglyedls emay be used to

e T
caLmlolnahunemawmbm fivedr| carerrenfovai. dFreabumeht Fr%l’f@rYa’#@'n@ay be mixed

are well kno in the art. For exanpl e,
‘E‘ﬁtﬂ gﬁpogn%g@gejg%r Vil othey materigls, sueh Bﬁl’fl&engply!ﬂqtlgélmd mentioned

AdVd. CRAlRMA th%&lﬁ?%ét&f Sik&re q?er | aﬁ Ua%erQﬁ% é}ﬁgﬁlagrpéacess, the

al um num and nmagnes uch s are
chenicalisanay beselaased tpgrfdravtheir norhail ivedl tieanght fuatson.

(80431 <oV iecthe 128% 84 i Serld ooy awtantaly W ibe or tubing in
WhlemcMcU@ﬂpelrl‘éra?cfcfn%qjiéi/é l?é’er?ﬂfrﬁe%io'lt%' limﬁap{hlégﬁerforatlons

98 may alternatively be made of a m xtu
Skiidbamethes ghapes auehas stdaretdrajoties. sﬂheu tihesr Qmmay have a large

YA P BTN T

purbes niatedsigsinglar thsbﬁh@t $dnchStrdens N THd IIH@J é@ co@fa 8%|coated or

| ubl e resin rraé be used to formthe plugs
Ségll'rﬁeé’c‘f"IUE one; of thadnaferials slisasissed ebone degr adb'lewtlcsacmmo make

Iﬁ(?éréleéﬂgt Iﬁ?ﬁ'ﬁ?e h*bac{bﬁ—fé Hgﬁr(n r%\ééclﬁ)q%mgggggréf: o "After the material is
rels@vedpﬂlésw\hd:}%%opmdate@nﬂmbsﬂ cogldr adw GRbRt He liner 94.

P %eﬁolr two. weeks when in contact with borehol e
#Wem%tgfe % GO PIUIPRS BlaYdRe DEdeesf aupsEN@Renarpes Metetial with the
p%?éé fl@cb’nﬁ‘@ﬂ)‘?\/s/ﬁf] dMeith Qﬁrﬂ%ﬁé}eﬂstléa oy g treat oil

materials 1 nc osphate “scal e
[0@44]b| tWeoiheeptasanhmteeﬂon rﬂméolbeensuluﬁtétedléndeﬂiegénbed with

| at e b dt de hydr at
SRR ol SR LB and ciiBpet OaRise: Heb apbarantanat various
sabstiglicHsCoRsquivsht Sarfeant %dﬂﬁb&aﬁ%ﬁs {HErEfgl &Y bs3k&de within the

removal . Treatment materials ma
scope of the invention as covered by the appended claims.
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with or bound together with other materials, such as

the polylactic acid nentioned above. When the bl ocking
wortmroezdos are renoved after the packing proceBeT/ushms/028070

chem cals may be released to performtheir normal well

treat gepgpBuncti on. [0043] While the liner 94 is

| |lustrated as a substantially tubular pipe or tubing

iln vhg&weipa@bngrsltﬁefbme@s; oorsphising: been formed, it |s

appar ent_ rat| s coul d,.have ot her sha

such as % uarg %Ftug %%Dt %r?(?r?{@rd Qﬂ\ﬁ%‘ye%@ecrgs over and a

| ar ge nunbesc@fensgn!l perforations |ike a sand screen.

The liner 94 could be nade of a porous nateri al

si m | ar & sedioe0ka fybstandialis tubtier membercoardediion the tubing and
coated or s teri
di scussed a or\}ﬁelﬁé g awngmﬁsw@gig%’&hg uga'? Q%n% tupgllar member.
essentially |nperneable during a gravel packing

perat i r the material is renpved, dissolved,
2« ﬂ]ﬁ%@w@ qhing Yy Hypass phelaink A olugiher Bempriing: 94.
Al T ef gk Eﬁ}rbévd bA %rﬁldﬂl@g‘r ARy PPEEP %%tl&f\ OZI W{@{{ﬁqy tubular

porous material w the pores |n|

one mémbhe materials |isted above. [0044] Wile the
present invention has been illustrated and descri bed
wth reference to particular structures and net hods of

3ise,THd g #a%eﬁﬁﬁé’l(ﬁ@%ldrﬁﬁ%ﬁé}%%‘ SFUSairt'BS hhbHih ‘?ﬁ‘eQ‘ SEEI is adapted to

equi val ent parts and ations thereto
wi t HEsirich dowc sp@noBinnulesi swreniriding dise cmbetearﬂilaw tub@ar member

/
o oy Bl d PR 2 GRsiag <1 ng. @ sect on of

t ubi ng adapted for connection between a crossover and
a screen, and a section of a substantially tubul ar
frentdie @iavel epaghing heluenybbyrpssn ©f f Jeim ng, avhexeinulths section of

gf;%ﬁgtgbg@% fgﬂm\gﬁgrrrﬂg%%gggg% Bl@ﬁ : nrﬁgtre{ lere[q%ede to restrict flow

conin asi angiulds saﬂbuﬁdih]@ it szst@ﬁtlé’W RibufghagdepwHdha portion
sectign of substanti al t ubul ar nenber. 3. The gravel

pac©f fip sectionofisyibatastially tubkiammemberds giositioned deaiweliscasing.
adapted to restrict flowin an annulus surrounding the
substantially tubul ar nmenber when the seal is

Pposilheogeavel npackived | slomgi Ibgpass of claim 1, wherein the section of
substantially tubular member has a length selected to extend across at least
a rat hole area in a borehole.

6.  The gravel packing slurry bypass of claim 1 wherein the substantially tubular
member is slidably carried on the tubing.

7. The gravel packing slurry bypass of claim 1, further comprising a sleeve
slidably carried on the tubing and attached to the substantially tubular
member.
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4. The gravel packing slurry bypass of claima1,

wherein the section of substantially tubular nenber
woasocan3oat er di aneter selected to restrict fl e@TiUS28/028070

annul us surroundi ng the substantially tubular nenber

hermhe genbl packg bﬂﬁy&%@a’s@'&)f @;fauﬁupS/W%}blnaﬂh'eytubir'@%cﬁ‘ﬁpnses a

menber 1s positioned ina well casing .
pac Iﬂ'lﬂf@"@l Qfrg8etipnp £F duling (ﬂoahﬁﬁ)’@d tmg@hher bytcmﬂaseba\nng an outer

of J tigal | r_me er has t
to ex aéﬁ%s%{eé\w%gs@n ! rg%?% ﬂ" RE" &liar outer

bor eﬁmheter6anarhmege@eeé n@agliﬁam/ %bbﬁéo\/ ohyﬂfbssu&ﬁgCﬂ>éWé\en two
1 wherein the substantially tubular nenber is slidably

car 1PlSon t he t ubi ng. 7. The gravel packing slurry
bypass of claim11, further conprising a sleeve
slidably carried on the tubing and attached to the

%ubs’lﬂ@ntgralrdlypadbm@ aglunpnbgdasslof 289ird . O LAERSINS 48 3bction of
The ave ac slurry bypass of claim7, wherein

t he Sﬂbﬁﬁaﬁé E’ k’P%és n%@rﬁg@lrr 213g yorg  8ecHosM s PerfokaliBnag further
con

d aﬁéﬁ‘ﬁ@'”ﬁg% EaBle, gt DO AR TLrIiFE thropgh fhe one or
t he narkelperfosatioms. di aneter, and the sleeve is slidably

carried on the tubing betvveen two collars. 9. The
gravel packing slurry bypass of claim 1, vvherei n the

12ecitippardtiis Séibfﬂbﬂfm akdvel tﬁﬁ%ﬂk% sl Foddits F@o@é irregularities

nor e perforatlons urther conpri si a renova
rrat ladaigd betweenran BppeY eased portien oﬁammgehqleandmelomer portion of

%%II\ #@%Bﬁ?ﬂ 0. Apparatus for flow ng gravel

pac ing s 'gh borehole irregularities |ocated

bet weena fsecu@r@eﬁ tapmgOadkptbd @8 Y couped ehheenns g?avel packing
| ower portion of a borehole, conprising: a section

t ubi ng adapiressqverye tB@lﬁﬂ@d prittiae cof tﬁegb@febblepanmawgcreen in

crossover i orehol e and a
screen in ttﬂetk#\gercﬁérggpg)ﬁg ggr%?{%é E%Pjghol e, and a

| i ner catingrechried bhehe olitsr sslbféf:@@etl@‘tubhg bhblf@%m%@aﬂ
form ng an annul us between the tubin l'iner

liner havi i sekp@yvﬁ,en the tubing and Ilner the liner havmg a length

selected to extend across the borehole irregularities.

11.  The apparatus of Claim 10, further comprising:
a seal carried on the outer surface of the liner and adapted to block slurry
flow through an annulus between the liner and the cased portion of
the borehole.

12.  The apparatus of claim 10, wherein the liner has an outer diameter
selected to restrict flow in an annulus surrounding the liner when a portion

of the liner is positioned in a well casing.

13. The apparatus of claim 10 wherein the liner is slidably carried on the tubing.

15

28974.01/1391.54303



sel ected to extend across the borehole irregularities.

11. The apparatus of C aim 10, further conprising: a
weeals/oezaori ed on the outer surface of the |inepPCams2005/028070

adapted to block slurry flow through an annul us

et Ve ap baratig e claint10 Tarteaseshmpisihg @ :
bor ehol ePlb?Z. The apparatus of cPailrr%J 1(r)b,lé)ém\jweteér"gilar?l%%aemed on the

| i ndbbingsanghattaghed taithedinesr selected to restrict flow

in an annulus surrounding the |iner when a portion of

the liner is positioned in a well casing. 13. The

Hppar Bhe apphratisdioidith MekbmRir ihe thbiﬂgrcd MelsABILYality of
carried on the tubing. 15 28974.01/1391.5430314. The

appar $84liens of lubingeamedied tagetherdiysallersiaving bemuter diameter,

Ppe \ o _
1 nor oA e bR R ol et anc
t ubi rthecsteqvei is sidably carradi drythef tubpigticaeeR twd ebilaa.

connected together by collars having an outer
di aneter, the sleeve has an inner dianeter |ess than

181€ Crid appatai of HIAE] & 'whetBh ﬂ\ge‘ﬁng} ﬁ%ér/ §né i)éﬂ&f%@)%lr%rations,

carried on the tubing between two CO

apparfarther edmpitisingra *émownableaiateriakblockiag floasofdgdSthrough the
nore perforation F.urther conprising a renovabl e

mat erq & OBNBEPHELRING of 1 uids through the one or

nore perforations. 17. A nethod for flow ng gravel

packing slurry through a rat hole area between a

dr ave Medlaed foy flowingsanavel packing slormypdirough @ raé hblecarea between

ar on W ENEERA] QP RT s QP el iR arclihis. sobunriing:

and posplacing ageeticiest %19@ iRfthé YRHAE PBATBBIWEEP Htaldlacking

section of pipe, thereby formng a first annulus

bet ween t he"TBFVea@Mdta Benean, er and a second

| . . [1b .
B TheP oSS atoeron B B TR R BioHbA s SaoRih i mige,
gravel packhegbylfomingtehfiretighnuhe Hetwsén @ pibesandi@bular

The net hod of aim17, further conprising:
member and a second annulus between the tubular member and

the wellbore.

18.  The method of Claim 17, further comprising flowing gravel packing slurry
through the first annulus.

19. The method of Claim 17, further comprising:

restricting the flow of slurry through the second annulus.

20.  The method of claim 19 further comprising restricting the flow of slurry with
a seal carried on the section of tubular member.
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restricting the flow of slurry through the second

annul us. 20. The nethod of claim 19 further conprising
woesdoregrng the flow of slurry with a seal carPCTa8208028070

the section of tubular nmenber. 16 28974.01/1391. 543032

21. ThRemméthod ob tlairh 20nvRéreirhibieaidlibohe isnedsedartsviehe rat hole
cased above the rat hole area and the sectjon of

afasenchihentantien ohaPUaT pRET BAB anfUpPeRERd cRPeT SPRgrising
pBRGNiNG %ﬁ%%@l%ﬁ%@é HPeeﬁﬁf\@ 6t tHB W@&gl&ﬂ%eﬂfbe{r{%grtgg cased

er an e cased portion of the we

p@Rion Oi¢harmiehiosteof cl aim 19 further conpri sing
restricting the flow of slurry by selecting an outer
di aneter of at |least a portion of the section of

2bU bu'rﬁ% nBRABE of ERi qg@ﬁr&# %ﬁﬁ{i)éiﬁg }éétﬁct}seﬁt the§R% lurry by

when the section o ar nmehber-1s positioned in a
wel | sel@dtingrae onter idaefter of at ieiasa phdioai of thé sestiwt dfdnbular

O MR TRIRe B8S A6 e S R 5S 588 of tubular
per f ﬁ{%ﬁé}ﬁ?y%man@d eaenabl e material, thereby

subst ant | al bl ocking flow through the perforations,
and renoving the renovable material. 24. A nethod for

' b th
235t She SRatnT s Pebh ¢ a8erabdft sPRSH i hGBal manpe nagione o
hol enire pefbrdtions Watthefosmpasiggavel packi ng, _
conprising: (a) providing a wellbore in the reseryvoir;

(b) | od#ingrihe sngrarvepregerrfarationsswishel rpmayableematerial, thereby
| | bore, | Si
Vength of caprRnBaRbeGRTRoM IR e PEmBIRons and

coupl edefrovingethewbimagablehaateribl.ng ext endi ng t hr ough
the rat hole area; (c) locating a section of |iner
over the tubing corresponding to the rat hol e area,

A PR AL 0 R otk LR AT b o
t he br gas resedvdihandbipdssirg a fat)hale sred of thegvelhduriigogravel
of f lpgéqusrg,tc%%)&rpsri]ngt:he second annul us; and

(a) providing a welibore in the reservoir;

(b) locating a gravel packing assembly in the wellbore, the assembly
comprising a crossover, a length of tubing coupled to the
crossover and a screen coupled to the tubing, the tubing extending
through the rat hole area;

(c) locating a section of liner over the tubing corresponding to the rat
hole area, whereby a first annulus is formed between the tubing
and the liner and a second annulus is formed between the liner
and the wellbore;

(d) restricting the flow of fluids through the second annulus; and

(d) injecting a fluid slurry containing gravel through the crossover into

the first annulus.
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(d) injecting a fluid slurry containing gravel through
the crossover into the first annulus. 17

waaebd288br 1391. 5430325. The net hod of C ai m 24pcriuse@s028070
the flow of fluids through the second annulus is

25est Thelg&khBY o@(ﬁ@ﬂi 24 2bnerEitetheelonosr Riidsirbugthe second

wherein the wel I bore i's cased above the rat hole area
and aheulQS(tSthifIQde by@eseahas an upper end, further
conprising positioning the seal between the upper end
of the Iiner and the cased portion of the well bore.

287. The methBadf efairhl 28 Wharkin tMeawelldore mcéémmﬂve‘thairdshole
through the second annulus is restricted by sel ecting

a | | aeea ang the segtignicj inebhawean pepear ang,durtley ¢aaprising

it PRPBRIH the SedHEARER T LbFer Sy UORETHE! Bhd Yoo, gased
The psgﬁtmcbfqﬁeweabmeﬂ wherein the well bore is cased

above the rat hole area, further conprising selecting
the outer dianeter of a portion of the liner to forma

9:‘ ots ﬁ“hfe' rﬁetW'oH I?)f S %‘?}ZM@HSB@ ‘F@ tdf‘?lﬂicﬁ,ggl;%l@hoﬁglts'%egﬂd

wher ennullbes ml:m(ltem byfseleahag aniner size, talativer to wellbore size, so
perforatio furt

mor e RS awlaaﬁ%'ﬂ?ﬁﬁqs %re'r?fs\',nﬁﬂisas ﬁabé’?ﬂwp ?rﬂaf%?sﬁa” the

SUbSﬁ‘IéWér@é'u&’tl@ﬁ}ﬁkérﬂngué ow t hrough the perforations,
and renoving the renovable material. 30. The net hod of

claim?29, further conprising flow ng produced fl uids

2;? a4 ht%gg%g g&gg?flw EeréiB atv&e@ﬁ@rl‘? '%g;aggg gl%m the rat hole

conp 'Ia'réé F@rther CONSERYE Eeledtin et duterf dlbh@télgoﬂ‘sapd)rmn af the liner
first end connected to the crossover, a scre

connée fasen a sloge fibwihdhe sasipg andepasdinping e F?QJ’B@'th thefpper in

ale liner carried on the outer surface of the
I eng{ﬂﬁe g?sq{\%bl ng.

29.  The method of claim 24 wherein the section of liner has one or more
perforations, further comprising:
filling the one or more perforations with a removable material, thereby
substantially blocking flow through the perforations, and

removing the removable material.

30. The method of claim 29, further comprising flowing produced fluids through

the one or more perforations.
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32. The gravel packing assenbly of claim3 1, further
conprising a seal carried on the outer surface of the

woizomro2zzod adapt ed for blocking flow of fluid Perwsemns028070
the liner and a borehole. 33. The gravel packing

aksenbigyavel patidhgassdmbWheoriphisinge | i ner has an outer
di aneter adapted for blocking flow of fluid between
t he |i n&Cra$rPVETbor ehol e. 34. The gravel packing

assenbl y IQrf]%[ﬁ | d?itl%it?ig %av‘ﬁgee{ RisPehd Sohrgé]cgég g g%gggcgver,

nore perforations, Turth&r conprisi

mat er | ala soresrkconnddteditood sétaondlend bf thedbngtheofanising! and

nor e perfora{bi ?ns. 35.. Apparatus for flow ng gravel _ _
packi ng 2PHP 2T IReIcRIHed andhe outarsuggae &f the lesgihuefubing.
bet ween an upper cased portion of a borehole and a

I ovver@_ﬁorti on of a borehole, conprising: a section of

3ibi n a@m@@scldngassemlyemf diwn}/\&’e,[]fuaggr@)gﬁFrigjﬁggngm carried
crossover in the.cas rtion of t orehol e and a .

scr edih 18 Qe SUBace (ﬁglf"?ﬂ'&‘?{ I 26apied faHipexing fiew of fluid

t ubi nptvesMtHDlirReY s bofehBft ween the tubing and the
borehol e, one or npbre conduits carried on the outer

surface of the tubing and in the annulus, the conduits

in ed, to exte agross the borehol e
Y cgindeliEbaesify B8 Ehah Y ety Snarehgheion hes anuter
annuldismetet sddptedter blRERIAG W SuidBEMRINheaREPLAH 39
to claim35 wherein the seal conprises an elastoneric

seal bontially filling the annul us outside the one
or nore conduits. 19 28974.01/1391. 5430337. Appar at us
according to claim 36 wherein the elastoneric seal has

3dn olthergrevelmpetckingsedsenitiyiof dapeah, wBsiens thellint®lhas one or
O e B i et it ool acking fow of
oo S PO o TR SrREIG R, SUPSE S
according to claim38 wherein the section of a
3§Pb/§\tpsgrtaitl?sl I1‘3/r flowing gravel packing slurry through borehole irregularities
located between an upper cased portion of a borehole and a lower portion of
a borehole, comprising:

a section of tubing adapted to be coupled between a gravel packing
crossover in the cased portion of the borehole and a screen in
the lower portion of the borehole, the tubing forming an annulus
between the tubing and the borehole,

one or more conduits carried on the outer surface of the tubing and in
the annulus, the conduits having a length selected to extend
across the borehole irregularities, and

a seal for restricting flow in the annulus outside the conduits.

36.  Apparatus according to claim 35 wherein the seal comprises an
elastomeric seal substantially filling the annulus outside the one or more
conduits.
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tubul ar nmenber has an outer dianmeter selected to form

a close fit to a well casing, the close fit formng
woOheregezdo7f or restricting flow in the annul us BarAISL®S/028070

the one or nore conduits. 40. A nethod for gravel

%Ck' N&péfa@ﬁl éccg?c?:hﬁgo @Iaﬁ-ﬁ%%%ﬁ’é’r@ﬂth@%lééﬁﬁweg% gk8l has an outer

| e ar'ea | ow t he”cased upper portion an
pr odudiamgtaraetedied twsedl @gaitst b(vl/dl Gas#®y. conpri si ng:
posi tioning a sand screen in the produci ng zone,
positioning a tubing in the well extending through at

é@aStAﬁoé%ﬁfds' éﬁ&o?éln%ﬂ?cl‘éﬁﬁ 88 \Wi8In he'dricldt ABFE écﬂﬁjuﬁt@t

hol e area and to the sand screen, the tubing defining
an antomprisesea sediont dfe $Luhstmjlaﬂyl tubuiar mermber carried substantially

positioni nor i.ts in the annul us
exten%ﬂ%{f‘qg %"é'ﬁ{ sz’ Etg”?ﬂea, and flow ng gravel
packing slurry fromthe surface to the produci ng zone

conprising flow ng substantially all of the ?ravel _
JFhcki Agparpiusraccordiog ihclaine 38reheseinitbesectian of a subgtantially

Fear rigeeR Py e i BlL Bkt YakRER 6 Y0k 2% frgo a e
one ofasifiy), éhe Blody it formirdg the 82l fsrdegictng flow ih thechmiulus
4 1, further conprising positioning a seal in the

annul QHsigadle aee OREPREOPAUIDr e conduits. 20
28974. 01/ 1391. 54303

40. A method for gravel packing a well having a cased upper portion, a rat hole
area below the cased upper portion and a producing zone below the rat
hole area, comprising:

positioning a sand screen in the producing zone,

positioning a tubing in the well extending through at least a portion of
the cased upper portion and the rat hole area and to the sand
screen, the tubing defining an annulus between the tubing and the
well,

positioning one or more conduits in the annulus extending across the rat
hole area, and

flowing gravel packing slurry from the surface to the producing zone
comprising flowing substantially all of the gravel packing slurry
through the one or more conduits.

41. A method according to claim 40, further comprising restricting flow of fluids

in the annuius outside the one or more conduits.
42. A method according to claim 41, further comprising positioning a seal in the

annulus outside the one or more conduits.
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