.; DEe3e=Z:, 4 p6TZ(0 ~e~~ea~~, -z3~~~2~~ |11 CA1B111 , METHOD

- OF COVPLETI NG AN Umm”mmﬁw OF A BOREHOLE The present invention
relates to conpleting 3 ncased section of a borehole in an underground
.formation. An exanple o such a borehole is a

hydr ocar bon- conta on in order to pr oaﬂge Eydr oca%o'&n'grIl roc())r%the
formation. To pre m&mm of the wall of the borehole, the borehole is
cased by neans of anged im %t he borehole, which casing is fixed
in the borehole by a t¥#&ht |ayer between the outer wall of the,casiyng and
the inner wall of the borehole. To allow substantially unr 'E"StT‘I‘C‘t‘E‘g"‘

of fluids fromthe hydrocarbon-containing formation into the borehol e, the
borehol e is motHcBsSEd VORPEET NG aweUNeRSETE IR ARrdo A COORBHOLAY
formati on. When the hydrocarbon-containing formation is so weak that it

wi ||l collapse, the uncased borehol e section is conpleted with a |iner which
is provided wiTHe S[hOEIESertt) whvont {bni delﬁtéuxtbntombh@dinelmi e. A known

met hod of co in uncase ec a_b le | n under gr ound
formation ucrbc;%rlcises t—hjémét%ps g?gp?é& ggé gpoggxgg(%lgr urgldlan t he borehol e at
t he | ocat ifwrmdt iidre. Mymlrexcampbe- cbnsachi agbboehailieod sard Hanehwg ¢ he i ner.
Fi xi ng thed:' dﬂeefd ttﬁoe%l‘ﬁyéé’oé‘é’ﬂgom%éﬁe&&h@ﬂgg%ﬁghﬁg%ne'l‘?h@}&éled g ner to

t he | ower casl ng arrange e I nner diameter
of the ca%@%ﬁbﬁ#%@@%@n?hﬁﬁomhéhal ARERBELBN -t he borehol e and as the

slotted |iner Taprasdier | @VEI&6lsé th@Utheth@l@aécdt&éCbe'éh@flet he:ror ehol e,
| i ner S rtantedla"reter of the

the diameter of the slotte

bor ehot o, BARFHHS tRertSe8 Bk BRALT o0 F opabRebBBWEEE HREY ferthd t he wal |
of the  Subsdlidlde wheeht ca2Bnd\pis| £20628 if. thedbbhlrebwdle tthe sl ots in the
| t | fl
e et R CRREDR LS, g SLLEVILEIETE LhLoUID Y Ghd s 1 oe
bor ehol e tioneie V(ﬁlr]cmﬁ efk@coehehe. outer wall of the liner. USA patent

speci fi cation . aliowls&%)téh@%Pﬁﬁlsuﬁré@EPS?Qt@dCQﬁE@hit b#9 raf jefcased
section og%ra borehcil e.in an under ground formation, which E@ t hod conpri ses

the steps PN HPGHING RO B E?é‘?h’i‘ﬂe&oﬁ’agﬁlPBanﬁot ®arehol e a
corr ugat edbdrdrrle ( hjhéib@]ﬂ@lcbh@ t@rmgateslealnﬁéreamd tekrvemsiesg t hr ough

t he corrugate I I|nr an ex j.on .S.tapered in the
directi ong"-ia}’r(le \?W PTte n%lOn lrﬁ%vﬁg r?%r oUGh Fﬁe i Er'ller The out er

di anet er chﬁdr@daanrrr@mamsmnm nbodnat 1ol esgjab weakht&hditantt eri 1df t he
expanded |ddiatap Heralor e tou L% snoNG1 JeL Bod 8ha; FRXLABTLALATRLeH of the

expanded s att i ner t I's obtal ned Is Its original dianmeter. It is
an obj ect doflifye W@sﬁé’htlfi rﬁﬂé‘h‘ﬂ‘é‘hdt‘tbl'ﬁ)*ﬁo%i-@l%satﬁeﬁﬂaééwoffl@édnpl etiag an

encased se€Gif1eix ofintd aiehed eshobherein optinmal use is nmade o the
ci rcunf erence _of the borg@o& %o r ed ce resi st ance ca g%u%d flo :such
XS d 6°8 8

as possible, End"SFHhRE t?%ﬁﬁp TP 0 AT kP8 |ar‘?‘et er
greater t hanreahcel eorimgiaral untianeteund Thotha siendcohprieesotthe strpiseting an

encased sed ALAKS o o ele! Ackay af undargs udi gogRt kAR according to

cha inventl O conmprises the steps acing at a eteszai ned

posi ti on itPaatd Borghdihe &E@-’W%@?Gn(%n‘f—@kﬁlh@gtﬁ@rmﬁﬁépn and (c) noving
through the Limereran expansi ok eqdeigd Wheh 1§ tapered bwBnkheydirection in
whi ch the ”aﬂ¥fﬂg é%e &g%%érgéél ftpﬁ liygéf to the lower end of

the casing arranged in the borehole.

As the inner diameter of the cased section is less

than the diameter of the borehole and as the slotted

liner has to be lowered through the cased section of the

borehole, the diameter of the slotted liner is smaller

than the diameter of the borehole, and thus there is an

annular space between the liner and the wall of the



, 30 c~raetertzed in chat the liner is a slotted iinar provided with

- overl apping Longitudinal slots, that cha mandrel has a | argest dianeter

which is larger than the inner diameter of the slotted liner) and in that
the slots are expanded. Substitute sheet - 2 2 be

“-appreciated chat in step (c) the dianmeter of tﬁ%ﬁgl%#?éﬁgﬁing?/%s"gg?%rged
Enl argi ng the diameter can be done 6y pushing an expansi on nandr el
dovnvardly through the slotted Liner, wherein the expansion nmandrel is

taloer edddgmwlrslsklzyughoeh. mgelse. §ﬁlckablﬁoﬁtihﬁrdéb@n§lsﬁa rehdife Sd ted | ne(rj i |S
enl arged by pul | ing u thr ough ,the, sl otted Liner nsi on nmandre
whichis taf fé‘ﬂ'fup EV\% 3‘& gg‘ﬂ‘r‘ {V°f%§\3nﬁ‘?ﬁa‘f ﬁgf tfed Iiner

expanded wi tthus Hed‘ee@ﬁafmo#tWMPefwga‘Fs oef P herndatle foonghe diegwster ~rhich

is Larger 1QefdirW gthLnggz,_nt,,gl areder 1 8fect e expansi on mandrel. The dif
ar enco gbet oi ean éﬁe per manent final di a{redéir sad the | argest di ameter of

t ae expanS| on nEAArPACeTT PRFELFAREOR s ehtscLpss AsPERAARS on. This

par at anent soegplegénexpanrchosd wes:Lbowfda fiaraso leotrs aﬁamgdaagtdmnexcess of about
13'. Sui tablf)!rﬁJEQoEOQﬁié&ngLﬁmhsco'ugrleg £@Qe.quoércqsn ﬁQ g%g%g

Reference is n%lm: gS pat ent specl fication . | scl 05| ng
conpl eting &R® Cé‘%‘é‘d s@é"f’r%n"‘bf & 9EPRHSI & W‘f%‘é‘d lﬁﬂﬁ‘stl PUte sheet - 23
April 2002 figing cher\asrsigapsd 3imegl yarfdo(ed wbirady ehrdlugh tedd ¢dmregamaxpanded

with e expansd QR FBeeh fbleld RENTENMpefdd1M b Lgh is |arger

than the | ar est di anet er of e expansi on nmandr el _?_ﬁ.‘itag%o erence bet ween
the per manefPifh 5a¢ "apdrad: &% maw Eheoughr diestinsFanet er of the expansi on
mandrel is refermhechuter aﬂmaremmenahe Kbl Ukp L3623 HafBre 1TDE SeqREL REBNENt

surpl us eXpaQ§'ﬂme\@ﬁ' LPQHQ xg%rﬁﬁdcpingr l ?r Oar%e?%\ %gsé%f wtggt?% d.13

Suitably the cone angle érence i s nmade
to USA pat erfhe Sisépy ébﬂ'éﬁr NS che 938“8@)@ dpsedobineg emepletbAinad uncased
sect i ok® of a.sborrsebﬁiﬁnm tdRasecak Ot ted | i ner haV| ng overl apping slots. This

publicati on, ver,..d o] i scl ose exp, ng_the slotted_|ine As the
slotted |iner WI ?{acaf‘ %?cpf& %erpfa“gf‘ot a“? |°ﬁe"'f° PEEShet MY 4’8 %er red to
as a strai néP'.‘P’-'H’fé“$ APctficiastd wp¢dlonnf Bebakabeld. berprioyn \argindl emr#pl ein

nmore detail maité hofr aiaeeems&anemfa@caowmmgzademag&smmrcei& Figure 1

shows sche leh Y. &l Qngi tudin a, cased bore,hol e havi ng an uncased
secti op thgﬁ'ﬂ%%1 filéc() Hg TG Tet"%‘d’a"glli"g e ’g’ °ShghE PECEEHIBIYafe 1, wherein
t he paF? of expendefdotq addiampesr brertbeahar xizandeigifs lgdlengeshows detail 111

of Figure 1 draw titsdessahe adbhddof Sofl @8k tHAUndNRa SRRk EObe R QUre 1;
. borehols -in an undarground formation according to the inventioa
comprises the staps of
(a) placing at a predetermfned position in the borehole a
25 liner;
(b) fixing the liner; and
(¢) moving through the liner an expansion mandrel which is
tapered in the direction in which the mandrel is moved chrough che
liner,
30 characterized {n chat the liner is a slotted liner provided with
overlapping longitudinal slots, chat tha mandrel has a largest
diamecer which is larger than the inner diameter of the slotcaed

liner, and in that the slots are expandad.



 Figure 9 shows detail IV of Figure 2 drawn to a scale which is larger than
. the scale of Figure 2~ Figure 5 shows schematically a cross-section of the
‘slotted liner to indicate relevant dinensions; and Figure 6 shows
schematically an alternative enbodi nent of an Sﬁ?&ﬂﬁ{e%hémDOE@April&ﬁ(ﬂ ence
"-is now made to Figure 1 showing the |ower part of a borehole 1 drilled in
an underground formation 2. The boreh@ae-1 has a cased section 5, wherein
t he Substitute sheet - 23 April 2002 - 4 borehole 1 is lined with a
casing 6 securedd ¥iilhbe \gaptecdatedhghioiehwiep (c)bphaudavator of [thyer of

cement 7, andoefed/NGarets SRCIHAz08. EAladging elitds ek 208 He0Borddupl a
borehole 1 a s]ptted liner 11 Bro‘:ﬂ ﬂe V\Aéh overlsﬁp&it‘n?gl (o] iltiudi nal slots
12 has been PUBMEIRAR (*FP434PR FARCTH ARTVABSIN FRPUE en TP b8 IPAE end of

t he casi ng GhePhignses mupansibmmafidielt he cgpkepdofowrivardllyy oot mexisl sl ot s have

been des gnajgeatiyl Nerd EGLEESNCE MBIl ed MRetABCINIGREe L byt flA184PL t €d
| i ner 11 has bee ixed to the |ower end of the casin ans of a

d t 6 b
connect i ng MPHREYN B LEL RS PEALLIRSS #R XRARLISP 5‘?15.“'X ithg fixed the
upper end oftaplesdshptardlly | i ner 11 the slotted liner 11 is expanded using an
expansi on mandrej. iz, _s%éﬁkﬁ}l&eéodnh“a{acll ﬁ%g:ﬁf‘i%«l@%&qeé‘%&w%#ﬂmr

end of string 16 restin € expansi on mandre . expand the slotted
liner 11 the"<BAPSHIS MARSRENEPEY 21Besmantay, E4rtip REATEEYT (RESRJE HHFE2EI ot t ed

| i ner 10 by ghahl thegLlodgest rdiagecht. ofl ltRe Qkpanflion matdael .cThd Wi Sedetiper ed i n
the directi o Qe Rhé heblineMBHNEL ot3ndch:"RUP nd TaOPER Elnatboleeld [ NET
11, in this case the éxpansion nmandre 5 TS an upwar dl y tapering expansion
mandr el . Thet*PApRira Bancrahdscreferredy §o a8 apasent SaFRbuar e XANe P sThigr ger
Ithan t he innﬂmd?amehmmi kabﬁmedfédnﬂeforll-cdr_ziegwgiaZerShQ&&st be sl gtted
iner 11 in par xpan or erein the | ower par e shoite

|l i ner ha begbﬁutgx%:‘ahdgug.tgﬁlf'et?aﬁnlé“ &5 §°r gss ns:{é‘ﬁorvﬁsgr? EtFFP"lﬁnr égf"hg@e‘ got
the sant ref er enBefensmas 4% Padq|fe U orpent spesilennien Boenl dasi §i%at ed with
reference nNUgtsclbsihg conpl@lng ah ShOWsdl SR =25d AR0ERBERALe i wndef or ned
slots 12 in the slotted liner, "1" is the length of the slot, "a" is the

| ength of the overlap, and 'b' is the wwdth of the slot. Figure 4 shows the
deforned slots 12'. Conparing Figure 3 with Figure 4 it can be seen that
Substitute sheet - 23 April 2002 - 5 the wall pieces 30 of the slotted

| i ner wherein the slots do not overlap have defornmed in circunferenti al
direction. And in the adjacent sections wherein the slots do overlap the
wal | pieces 33 between adjacent slots have rotated, additionally, the wall
pi eces 33 have bent out of the cylindrical surface of the undeforned |iner
(the out of surface bending is not showmn in Figure 9). The conbination of
rotati on and bending controls the expansion, and the circunferenti al

def ormati on preserves the expansion of the slotted liner. Surprisingly it
was found that for a cone angle larger than 13 the permanent final dianeter
of the slotted liner is larger than the dianeter of the expansion mandrel.



. Ref.erence is now nade to Figure 5, wherein "dl' is the original outer
diameter of the slotted |iner (before expansion), 'dc' is the |argest

di aneter of the expansion mandrel, y is the cone angle, and df is the

. permanent final outer diameter of the expanded &tuhgg shb@?r 23\0!(;% ZbBES
configuration several tests have been carried o esul't's

tabul ated in the Table, wherein 't' is the mall thlckness of the slotted
liner and 'n" is the nunber of slots +n3ctrcunferential direction. The
results clearly.s I n r ne angl e

| ar ger than 13¥t Qgg%ggg %qa?maaﬁa§SQ§atﬁ?§g§%q$k99t%$na%%%? sur pl us
expansi on espaedydpwgﬁbum@edeXpaaﬁantmnaﬁ@ﬂkxgetsza POrnangnb2 - 6
peferenca penpovaiBfgcke Thawhe & 1sioWine ah ARe atbyee expansian mandr el

40 consisting o cylindrical housin aV|ng axi a I ngers 42 which can
def | ect ou%/akaeyeéﬁanaleerrﬁ\amr@rlra %ﬁ 80%8 bReyeem the cylindrical

housi ng 4Lpé9mgﬁéhectflhaq dikimegens «hd Qiﬂé/valrailgfestT Qdidke E€@PCoA4thE

connected a strin V|n 3$e eéf nsi on mandrel 40 thrgu h t he

ot eu Tl Sepah it aRanar e T Herraf T AR AT S ed fent ourBue . b T he

bor ehol e, emnanhaos thlappemmaMEHﬁ stiirp lsisotedxgehris it was f foend Fher eupon
h I h I to bel
rns expansgo ? ?ﬁgfﬂ ?h 8ce§s %er_'ah%utéwlcﬁ“g S‘iﬂ%a% S}eltt%%o dd}leegh 0 bel ow

the | ower en i n € expansi on nman
conpr essedange %ﬂa@nthbea%ﬁagefpﬁgéﬁ@nﬂéﬂbﬂﬂeﬁHJoutmerds to a dlaneter

slightly Iar geﬁefaean&ee enﬁeaedlteoetsw p%ftetnlle sHdiekdt{d$r, thereupon
t he expansj on nan rel | 1.,ed upwards and the axial fingers 42 wll 15

extend fur¥fer! uﬁ??lspﬁedé?F#ﬁ&ﬂP@anmﬂkﬁqﬁ?qﬂaqEFWQﬁQRﬁn%ﬁﬁt%W?hofhe

upper surfacgopéhbhe wana 44slem@eﬁha1@epam¢earﬁg<mﬁmpgsrﬁﬁk§irelotsLI L
expand t he slotteg Lin Er as h i s pulled upmgﬂQf %y h the Iotted Li ner.
Alternativ£?§stﬂg %FS? &4 i REVEYEN bgqﬁﬁmﬁ Tt +%g20 at the
and of strting 4b)twhdréiinetrhe | ower end of the slotted L|ner rests on the
slightly expagﬁedtﬁépemewgdm%gswﬁ1 Alckel, ¢l 141G 46, sl p{edyl ine= the

expansi on man I'S pu upwar I'n an alternative e ment of the
i nventi on, langysienfeletipesr redee reidottte@d imndrts e ar ranged in the ot her

is placed at arRé Dﬁedﬁt%ﬂl nedlpaawt ban dek @ RORNGIS, Hidadhy1@ pair
of slotted,liners is enﬁ g%g % ~r|ntceg i ner |s rovided orith

over | appi ni? SF3F€ ARG L fe"S Bt FEFSFERESs tar &% Th the other,
wher ei n t hdéraeliaysyewpesetinon of the | i nens can be ao sel ected that after

expansi on_the sl gt 5caf echg,LadkAndli 861190 LR iy didle g giot in 30

i ne. When after”expansion th ts era ineinra direction,
fluids pas%&ﬁgdth@eabﬁl@héa§y§geﬁﬂhH@§aﬁ@dtﬁ@@&&@@-éhﬁ%}hﬁﬁ)?ﬁubﬁ
therefore @@mﬁlggggdlnent IS SU|tabIe for preventlng sand from anteting

into the borehg| e gubétitute Eh ril 2002 Aqg{her maxﬁgf
preventing sand:$%of enfBPIAGPRAE0C h5188F8 ke "PEISV i S PaHe Dut er
aurtace ofthdéessboetddllinner hast beanweappnagd;Suitably the wapping is a

renbrane of 3 FELSED SA0.4LLAT.Rh Gt §.A6CaN ofcghn @ red material

or of sintere can as the outer
surface ofsedke ovhbehoss éﬁégﬁedthﬁﬁeﬁhéfSFﬁées@§t§éQUd& sliotted |iners.

Figure 4 shows detail IV of Figure 2 drawn to a scale
which is larger than the scale of Figure 2;

Figure 5 shows schematically a cross-section of the
slotted liner to indicate relevant dimensions; and

Figure 6 shows schematically an alternative
embodiment of an expansion mandrel.

Reference is now made to Figure 1 showing the lower
part of a borehole 1 drilled in an underground formation
2. The borehole 1 has a cased section 5, wherein the



In the above it was dsseribad that the slotted liner is lowered rastittg on
"the axpartsion mandrel; alternacivalLy the Liner is lowred first, is fixed
and the exparssion mandrel in contracted orta is LO |lowered through the

-slotted Line.. After which the mandrel 19 expansgg?tﬁ%&gétedzéjﬂp@?qu to

expand the slotted liner. The met hod accordi ng e 1nrention
applied in a vertical boxahola or in a deviated borahola or ici s borehole
havi ng a horiaontal and section. 1~ A.bgrahola can ba drilled ca alloar

production of fluids froman undargroussd forstation through the barehol a)
or the borBA5PBOLSN lod Suddd @D Thilecd F2&ing PneBcured GPcdiegiadid

formati on. ofheheeblbe@neflecha 1pf asedtis | HT eacloyércan ekmenke 7ysedd @n
conplete a sectlgn of _each | atter borahole. 20 . ~a geonmtziea.of the
sl oeced Li NBF25PdS6F A dxbansi on mandrel can ba so sel ected. zrhat the
final dianeterIoftheeuncassd reati{foreelyExpandeehslatled kilbéteddf in
Figure 5, i rger b t Qi a t he
ax?ended s g gdgﬁ ﬁg%?¥§%§;%}§§§§xgrf%ﬁﬁpﬁg P§§99LﬁFlh$l Eégggrégole and
this furtheaszheencleweged He st abiddeterningd bosahdba, Thetbigansi on

mandrel ascdggcthBednd Wt rt@‘féarc?a@:ﬁmc{ O h@l&é@é’rﬁétgaﬁhﬁtc%&cﬁheshape

when cha |ntersect|n line of the ou surface and a plane through the
| ongi t udi n8R*&xPS S#aFHéYéiﬁéh§¥5h ?kﬁﬁﬁeﬂaY% Reevedesigrakgrt Wabhe 2angl e
i s definedréfYetbackangariradf. the inner 30 wal | of t he slotted | i ner and cha

curved interse line. S t t.e sheet 2 C L A
SU1Y |ve|t hod of E%S Pglfal n&ngn &ﬁ aeags]S % %1309 Qg %ﬁ%l e?ﬂ gﬁx

under gr oundof bheadbivea e®@bmﬁmﬁﬁptd&5znqxﬁ;hy-magnplafl agcatnacting

- predet ermﬂsgneos(wtggh'own NoRAFANA & Ak QB catile (Bh18LXING the |iner,

and (c) noving t | i'ner an expansi on nmandre ich is tapered in

the direction HEViRfAi ER*ere tAgndiPReN £bd e ot tee Liner, 11
char act ertgleé EMothat tlh%e'—xi nar iiss expdrid®didindiadn péﬁ#éﬂ@ﬂow sh

over ! aPD! ngehapdy {9 1ok SLOtge ot e sho b . bngest ghansacar
the slots koaeexpadded. string 16 resting on the expansion mandrel

15. To expand the slotted liner 11 the expansion mandrel

15 is moved upwardly through the slotted liner 11 by

pulling on string 16. The expansion mandrel 15 is tapered

in the direction in which the mandrel 15 is moved through

the slotted liner 11, in this case the expansion mandrel

15 is an upwardly tapering expansion mandrel. The

expansion mandrel 15 has a largest diameter which is

larger than the inner diameter of the slotted liner 11.

Figure 2 shows the slotted liner 11 in partly
expanded form, wherein the lower part of the slotted
liner has been expanded. The same features as shown in
Figure 1 have got the same reference numerals. The
deformed slots have been designated with reference
numeral 12",

Figure 3 shows the arrangement of the undeformed
slots 12 in the slotted liner, 'l' is the length of the
slot, 'a' is the length of the overlap, and 'b' is the
width of the slot. Figure 4 shows the deformed slots 12°'.

Comparing Figure 3 with Figure 4 it can be seen that



. 2. .Method accozding co claimL, wherein atop (a) conprises placing at a
- predeterm ned position in the borehola a systemof taro ar nore Z 5 s 10 =
ad 1 i.~.ar s onesrr s.-!gadi nthe c ther anJ. each s Lo ttsd i innr

.be Lng provided with overl appi ng | ossgitudi nal &@%@ga%ha@?t@@HAﬁﬂgﬁgé'“9

to elaira 1, whsrein the outer surgaea of the slTo Liner is provi

with a wapping. 4. Method according co claim?2) wherein the outac surface
0 ~ha ZC outet~aasc slotted Liaar is provided o~ith a wapping. 5. Mthod
according fn_an of  the cl al 1-4, erein sap i.Ses _noving
Chrough s nehei B LaBifher ae STpane s o TRemrAF S orhe"S3p Rar | cal
housi ng hadonQODUDVeaidpyhd@f Z@dnmm?d|Hﬁﬁﬂxrqumfbeenbnsla ranged with

| pl MRWAS t dl
aXIFﬁB RFaAdJE%E%\&F oﬁy Af-\ﬂ@lr '1%ath% aQ@%ZﬂLeE?NQ:E#s%léj&c?&& wi&ErdLRoehs Qubyardly.

\ *Q" #zupkf%@V?EafééPcéP@aF@éﬁc&P@&F@a Qﬂﬂﬂ?ﬁﬂ@iﬂﬂ%%ﬁcé}ﬁﬁﬁuEaﬁ$caLuca]
call cal cakheatbaplhaalieabaallag), Czt]wé<alé]1q<qilce@§¢eﬂ (K4t (BB IM R ]) ) x)

e Ml e sl it sl el eel oo

***!***1*96&%FBE*dﬁgfété*behﬁﬁh§+t@+hem+@hnmnchmﬂﬁxguﬂ@aﬁbaL¢ba]caLﬂca]caU

 cat cal calbagl sabl £al saUkeslsatheakerUsalcall gl sl el gallcal ca cal ca

cal ca] ca F+¥FFFF ), 7, -,0,8, = [0¢, 0, ZU] ] cay] ca] cay
ca]caLﬂca]eamﬁca}eaLﬂcaPc&UPc&PG@UW&ﬂﬂﬁﬂmkﬁﬂ(ﬂﬁﬁﬁﬂﬂ&%ﬂ@@ﬂ@t@$@§!$aa]caLﬂca
] cal] ca] calfcalgp %Ei‘on of the s1lbt&ed biGel b-€-------- . @zuoj d_YT] cau
]ca]caU]ca]caL%ca]ca g U%ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]c
aU] ca] caU] caU] eafRaLF PR UL Calip?. Foung that ‘for a qonqangde e/ ///1/111{up
U za] cal) 6ag oot ”b"’cab‘”a“}‘@aﬂ’“‘“‘“ﬂ"37“”/1??“a%’?%‘@]ééé’““‘a‘]o%?”zc?z‘égé”s‘éﬁéég
calcal c ca c ca z . 22
JS%E%J%@P& Ub] %Uﬁé ]r %H]an Ljhe d$ ametdr otOQ:qﬁe

*8. 8: 8888~X
U] c”a] ca] cetreaint caj cadhdablcal] cal] cal] caU] cal] ca] ca] cal] ca] caU] ca] caU] ca] ¢

aUlCa]CaUlCa]C@é&&@&ﬁé&ﬂ§§8§8&}made to Flgure 5, wherein 'dy' is
%! Q¥<<>__*8 ~Xxsni b\ VP

LﬂcAa]ca]c%T% b%}E%EHEHEFEUFééﬂFégﬂ]@gbﬁaﬁjg£%Q£ﬂﬂtﬁﬂQﬁﬁﬂEgﬁg%iﬁca]caU]c
ay] ca] caU]é: calhspl] ca%:alg YWe] ia@gesm%&a@eeeﬂ of MH& dipdndNon

109 () - &' F3: 10% M Y" 10%3 +
. Y"10% . &n?r)\&;r%f‘o% d&s@(ls g égne angle, §‘n&) i tﬁ@ permane %% 0-
final outer diameter of the expanded slotted liner.

With this configuration several tests have been
carried out and the results are tabulated in the Table,
wherein 't' is the wall thickness of the slotted liner
and 'n' is the number of slots in circumferential
direction.

The results clearly show the permanent surplus
expansion for a cone angle larger than 13°, for a cone
angle larger than 30° the permanent surplus expansion is

very pronounced.
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axlal fingers 42 which can deflect outwardly and a cone 44 arranged
with axial play in the cylindrical housing 4L co deflectc the

fingers 42 outwardly. Ta the cone 44 {s connected a string 46 for
moving the expansion mandrel 40 through the slottad liner (not

shown) .

The slotced liner is first lowverad into the borehole, and then
the upper end of tha slottad liner is fixed. Thereupon the expansion
mendrel 40 is lowered through the slottad liner to belowv the lower
end of the slotted liner. The expansion mandrel 40 is then compressed
so :ha:':he axial fingers 42 extend outwards to a diametez slighcly
larger than the inner diamecar of the sloctted liner, thersupon the
expansion mandrel 40 is pulled upwards and the axial fingers 42 will
exteud further until the cylindrical housing 41 is in contact with

the upper surface of the cone 44. And the expanded expansion mandrel
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will expand the slotzed liner as it Ls pulled upwards through the
slotted liner. '

Alternatively the slotted liner can be lowered into the borehole
at the end of string 46, wharein tha lower end of the slottad liner
rests on the slightly expanded sxpansion mandrel 40. After setting

the slotted liner the expansion mandrel is pulled upwards.

20

In an alternative embcodiment of tha invention, a system of two
or mora slotted liners one arranged in the ather is placed at a
predecermined position im the borshole. Suitably a pair of slotted
liners Ls employed. Each slotted liner is providad wich overlapping
slots and the slotted liners are arranged one in the other, wherein
the relative position of the liners can be so selected that after

expansion the slots ares in radial direction either in lina or not in

25

30 line. When aftcer expansion the slots are not in line in radial
direction, flulds passing through the system have to traverse a
zig-zag path; therefors this embodimenc is suitable for preventing
sand from entering {into the boraehols.
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most slocted liner of the systea of glatted liners.

In tha above it was described chat the slotted liner is lowered
resting on the expansion mandrel:. alcernaczively the liner Ls lowerad
firsc, s fixed and cthe axpansion mandrel in concracced form is
lowarad through the slotted liner. Aftar which the mandral isg
expanded and pulled upwardly to expand tha slotced liner.

The mathad according to the inventioa can be applied in a
vertical borshole or in a daviated borshole or ir a borshole having a
horizontal end seczion,

A baorshola can be drilled co allow produccion of flulds from an
underground formation thraough thae berehole, or cthe borshole can be
usad to inject fluids into the underground formatiorn. The meched of
the present invencion can alsc ba usad to complete a gsection of such
a2 laccer borehole.

The geometries of the slotted liner and of the expansion mandrel
can be 3o selected thac the final diameter of che urconfined (freely)
expanded slotted liner, dE in Figure §, Ls larger than the diamecar
of the borshols. In this case the expanded slocted liner Ls
compressed againsc chie wall of the borehole and this further
increases the stability of the bareholes.

The sxpansion mandral as described with reference to che Figures
has a conical shape, when cthe intersecting line of the outer surface
and a plane through the longitudinal axis of the aexpansion mandrel Ls
curved, the half cone angla is defined by the cangent of che ianer
wall of the slotzed liner and the curved iantersecting line.
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CLAINS

1. Machod of completing an uncased secciocn of a bozehole in an
undsrground formation comprising the sceps of

(a) placing at a predetarmined posicicn in the borshole a
liner;

W

(b) fixing che liner; and

(¢) moving cthzough che liner an expansion mandrel which is
tapered in the dirsction in which the mandral Ls moved chrough tha
liner,
characterized in that che liner is a sloctad liner providad wizh
overlapping longicudinal slots, that the mandrsl has a largesc
dismecer which is larger than the inner diameter of the slotted
liner, and in that the slots are expanded.

L0

2. Method according to claim L, wherein step (a) comprises placing
at & predecarmined pesicion in tha borehole & system of two or more
15 sloztad linars one arrangaed in tha cthav and sach slotted iinec being
provided with overlapping longitudinal sloes.
3. Mechod according to claim 1, wherein cha outer surface of che
sloctad linar {s provided with a wrapping.
4. Machod according co claim 2, wherein cthe outaer surface of tha
20 outermosc slotted liner s provided with a wrapping. '
5. Mathod according tc any one of the claims L-4, wherein stap (c)
comprises moving chrough the slotted liner an sxpansion mandral
consisting of a cylindrical housing having outwardly defleccing
fingers and a cone azranged with axfal play in che cylimdrical

25 housing to deflect che flngers outwardly.



