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DEFORMABLE WELL SCREEN AND METHOD FOR | TS | NSTALLATION - The

i nventton relates to a well screen for preventing m gration of solid
particles, such as sand and ot her formation nminerals, gravel and/or

proppant, i ntQ %7/17524 hydr ocar bon production well. 5 PCT/EDPS8l0d887
particul arly, P e invention relates to a well screen conprising at

| east one substantially tubular filter layer of which the sieve
opening size is tailored to the si-ze of particles that are to be
bl ocked by the screen. 10 Such a screen is known, -for
exanpl e, from UK pat ent specification 2115040. The known screen nay
further conprise outer and/or inner protective layers which are
co-axial to the filterDEFORMABEEWELDSCREEN AND METHOD FORATS INSTALLATION Si eve
opening size than the filter layer or layers. 15 A probl em
encountered with the known screen is that _

. The invention relates to a well screen for preventing

migration of solid particles, such as sand and other
formation minerals, gravel and/or proppant, into a
hydrocarbon production well.

5 More particularly, the invention relates to a well
screen comprising at least one substantially tubular
filter layer of which the sieve opening size is tailored
to the size of particles that are to be blocked by the
screen. : .

10 : Such a screen is known, for example, from UK patent
specification 2115040. The known screen may further
comprise outer and/or inner protective layers which are
co-axial to the filter layer and which have a much larger
sieve opening size than the filter layer or layers.

15 A problem encountered with the known screen is that
woven metal wire and other filter sheets are fragile and
can be easily squeezed and damagéd during installation

and use. .
Only a minor deformation of the filter sheet may
20 already result in variation of the sieve opening which

may hamper a proper performance of the screen.
Furthermore sand screens of the known type are

typically made in a flat or tubular shape and are
designed to remain in their original shape without

25 substantial deformation during and/or after installation.
However, in boreholes with an irregular surface and/or
sharp bends this requires the use of a screen with a much
smaller diameter than that of the wellbore. Such use of a
small diameter screen will result in high fluid flowrates

30 through the sieve openings of the screen, strong wear of
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reference discl oses t%at a_screen can agge aroun
expandabl e carrP&?/PEbﬁ;u¥@1RQEHQHﬁ%MQl+n5tallatl°n the screen within

a wellbore and that any variation of the sieve opening

size of the screen as a result of such deformation
10 remains within predetermined limits. |

It is preferred that the screen is radially
expandable by moving an expansion mandrel in an axial
direction through the interior of the screen and the
sieve opening size of each tubular filter layer remains

15 fairly constant or varies in a predetermined and
uniform manner during expansion and/or other
deformation of the screen.

Preferably the screen is expandable downhole to
such a size that it, or a surrounding protective layer,

20 can be set at least partly against the surrounding
formation or perforated casing. At locations, such as
washouts and doglegs, where the borehole wall is so
irregular that still a gap would remain around the
expanded screen a resin impregnated gravel could be

25 placed in the gap to ensure a continuous mechanical
contact between the screen and formation.

Optionally the screen according to the invention is
arranged around an expandable slotted tube which induces
the internal diameter of the screen to be increased

30 during installation of the screen and tube assembly in a
wellbore while the variation in sieve opening size of
each filter layer of the screen as a result of such
expansion of the screen is less than fifty per cent.

THIS SHEET HAS BEEN
REPLACED




such a wapped screen is that it may fold or even rupture during the
expansi on process. 10 It is an object of the invention to alleviate
t hese - probl ens. The screen according to the invention
thereto conprises a tubular filter layer or a series of scaled
filter sheetsywhéfhdsies deformabl e such that it can be 15 REIVERIGIO4B87
bent, conpressed and/or fluidized during installation of the screen
within a well bore and that any variatfon of the si.eve opening size
of the screen as a result of such deformation remains within
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10 expandable slotted tubes such that the slots are not
aligned sand inflow may be prevented. Such arrangement
does not yield, however, a well defined and uniform
screen opening size throughout the length of the expanded
tubes. '

15 In a preferred embodiment the screen according to the
invention comprises a series of scaled filter sheets
which are arranged around an expandable slotted carrier
tube and which, when seen in a circumferential direction,
are connected at one edge to. said tube and at another

20 edge at least partly overlap an adjacent filter sheet.
Optionally the scaled filter sheets are made of a
flexible permeable material which is selected from the
group of a perforated metal plate, a metal plate
compriging an array of substantially tangential slots,

25 sintered woven metal wires and a synthetic fabric.

In another preferred embodiment the screen according
to the invention comprises an expandable slotted tube of
which the slots and any gaps between the tube and
borehole wall have been filled in situ with granules that

30 are bonded to each other and to the rims of the slots by
a-bonding agent such that pore openings of a selected
size remain between the granules.

In the above embodiments the slotted tube can be
expanded to a diameter which may be 50% larger than the

35 diameter of the unexpanded tube. The sieve opening size




ensure a continuous nechani cal contact between the screen and

f-or mati on.
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frictional forces and deformed slightly by the axial

.contraction of the slotted carrier tube during the

expansion process.

In a suitable embodiment the screen according to
the invention comprises
- at least one tubular filter layer which is made of a
woven metal wire screen; and
- an outer protective layer which co-axially surrounds
the filter layer or layers and an inner protective layer
which is fitted co-axially within the protective layer or
layers, which protective layers comprise each a woven
metal wire screen having a larger sieve opening size and
wire thickness than at least one of the filter layers,
and wherein the filter and protective layers are sintered
together. '

A principal advantage of sintering the various layers
of woven metal wire screen together is that it produces a
screen having a section modulus which is greater than the
sum of section moduli of the individual layers. This
results in a robust screen of which the sieve size does
not change significantly during or after deformation
which make the screen coilable around a drum and
installable into a well by reeling the screen from the
drum. _ _

Optionally at least one filter layer comprises wires
which are oriented in a substantially helical weaving
pattern relative to a central axis of the tubular screen.

It has been found that if said pitch angle is
approximately 45 ° then local elongation and/or
shortening caused by expansion, compression and/or
bending of the tubular screen then a square mesh sieve
will be deformed to a diamond pattern, and the sieve
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However, 1n the known screen the various layers are made
15 of the same cloth. This will generally cause the wires of
adjacent layers to partly block the sieve openings of
adjacent layers which will reduce the effective sieve
opening in a rather irregular and unpredictable way.
Other screens are disclosed in US patent
20 specification Nos. 2,858,894 and 3,087,560 and in a sales
brochure of Haver and Boecker concerning screens sold
under the trademark "POROPLATE".
It is observed that US patent No. 3,353,599
discloses the use of a corrugated liner which is
25 brought into a tubular shape by an expansion mandrel
and that US patent Nos. 2,812,025 and 3,270,817
disclose spring actuated expandable permeable well
liners. The use of a corrugated liner or a spring
mechanism, however, may cause large forces during the
30 expansion process which may damage the screen provided
by the expanded liner.
In an alternative embodiment of the screen
according to the invention the screen comprises at
least one filter layer which is substantially made of a
35 fabric, such as a needlefelt. Suitably the needlefelt
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-4- of the screen renmains substantially unaffected by such

| ar ge .expansi on al though the scaled filter sheets may be stretched
in acircunferential direction as a result of frictional forces and

déf ornmed slight by the axial 5 contraction of the slo r
t ube duri ng gﬁgﬁx expansi on process. In a %E%&Q@?@&kf

enbodi ment the screen according to the invention conprises
at | east one tubular filter |layer which is amde of a 10 woven net al

w re screen; and _ - an outer frotectlve | ayer which co-axially
surrounds compird skE| acmateyial oselegted fnen &bhe gronpperst eteele | ayer

which is flttedvﬁQe%Xhﬁhl Eyﬁthétﬂctf‘ﬁaﬂ!é)t Qsaﬂl\eﬁldlax»erth@r synthemcl ayers
whi ch protective ers_co e scre

having a | arger f§1b & Bﬁgnggé;eﬁﬁg g’ﬁ?f" ehe’’g: gr‘wpr &% Fﬁréﬂ'ﬁgsg E’ﬁ&ﬁ ap east
one of the filt &ICARILONS, polymer Hibrewcrlsich theve id thdighardepionact i ve

layers arg sintelffdstance. #WOARENEN® polymer is a linear alternating
copolymer of carbon monoxide and one or more
olefinically unsaturated compounds. European patent
specifications Nos. 360,358 and 310,171 disclose
methods for the manufacture of fibres of this polymer

10 by gel and melt spinning, respectively. Preferably the
filter layer comprises an elongate fabric strip which
is wound in an overlapping helical pattern into a
tubular shape, whereby adjacent windings have an
overlap of between 10% and 90%, preferably about 50%.

15 It is observed that international patent application
PCT/EP/01460 discloses that two co-axial slotted liners
may be placed within the wellbore such that after
expansion the slots are not in line in radial direction.
This non-aligned slot arrangement aims to induce fluids

20 to traverse through the liners via a zig-zag path thereby
preventing sand from entering'the borehole. The liners
used in this prior art reference comprised axial slots

~having a length of at least 25 mm and a width of at least
0.7 mm. Although this known arrangement does reduce sand

25 inflow into the borehole it does not create a sand screen
having a uniform and well defined screen cpening size.

Surprisingly it was found that instead of using the
interaction between non-aligned relatively large slots of
co-axial liners to prevent inflow of sand a suitable

30 screen may be created by using a single expandable tube
having micro-slots.

Therefore, in yet another alternative embodiment of
the screen according to the invention the screen
comprises an expandable tubular body with micro-slots

35 that are arranged in a staggered and overlapping pattern




A principal advantage of sintering the various layers 20 of woven net al
Wire screen together is that it produces a screen having a section
nodul us which is greater than the sum of section noduli of the

i ndi vi dual l|ayers. This results in a robust screen of which the
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only change S'i9ht|YAaﬁélhtlﬁamradvsﬁaaée of the use of a single
expandable sand-screen with micro-slots over the use of
co-axial liners with non-aligned relatively large slots
is that it generates a screen &ith a more regular
10 substantially diamond-shaped sieve opening size after
expansion.

Suitably the expandable tubular body with micro-slots
is made of nickel and has a wall thickness which is less
than 1 mm. In order to protect such a fragile body from

15 damage during and after installation it is preferred to
arrange the body co-axially between two conventional
expandable slotted liners having larger slots and a
larger wall thickness than the body. Suitably these
protective liners are made of steel and comprise slots

20 having a length of at least 15 mm and a width of at least
2 mm. _

It is observed that US patent specification 1,135,809
discloses a weil screen with staggered axial slots. The
screen according to this prior art reference, however, is

25 installed downhole without being subject to any
significant expansion or other deformation, so that the
slots remain in their original elongate shape.

The invention also relates to a method for installing
a tubular well screen in a hydrocarbon production well,

30 the method comprising arranging the screen around an
_expandable slotted tube, lowering the screen and tube
assembly into the well, inducing the tube to expand by
axially moving an expansion cone therethrdugh, thereby
increasing the internal diameter of the screen with at

35 least five per cent while any variation of the sieve




anmount . A tubul ar screen having a helical weaving pattern can

he conveniently manufactured from sheets or strips having 5 the wires
substantially parallel and normal to the edges, by form ng those
sheets or strips into a helically wound t ubul ar shape havi ng
abutting edges, and welding the - abutting edges togeth done
for exanple MR OIS ol cal | y wel ded netal tubes. %‘NEP‘)%S??
observed that SU patent specification No. 1,066,628 di scl oses that a
screen can be nade by scrolling six &ayers of netal filtration cloth
around a perforated netal tube and then sintering the pack. .
However, in the ReSvHAGs 8A28nOLhRAGH FHILLY JAver pfcthgdscrsen is pesgne

sanme cl ot h. Thl&hﬂdlfnﬁt&epeklyen&use the wires of adj acent |ayers
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reduce the effective®siev her ragul ar *and
unpr edi ct abl e weggound a drum an@xﬁgg %@r%ﬁﬂﬁ;%ﬂ#ﬂ(ﬁﬁﬁﬂ duse Fheuseb&tent 20
speci ficagi on NasturihgBithstadlandon. 087,560 and in a sales brochure

of Haver and Boecker..cqQnc C th rademar k
Y POROPLATE" 13 ?%Qéélgséséﬁéﬁéﬂl?ﬁ%edeﬂspa ent, HEL150ELA 200
di scl oses the uNoof6%¢ 055 ddacdasppnerwehl cﬂpﬁeﬁm?ﬂhmh igr e'aglhedl firoma

t ubul ar shape byaadrmmmgnlaaadnmhtlon Thishdvidlsc@eRpalig8Nhoblos.
2,812,025 and 3,270, 8

perneable wel | dené%q #°V?V3¥he §f§§T é%ﬁﬁ} é%%lﬁé agggglgprlng
mechani sk® however, Irmprbaa@;ernatgeef@nl@@@mti tdet metdod accoxdpuaston
process whi ch neyhdlasraameien TomPeRNsREOYoWeEing an expihdabaecxpanded | iner.
In an alternatlvghggﬂgﬁgo % %Ll&hel% nggg the tube to expand,
injecting granules coated with a bonding agent into the
expanded tube and wiping the granules at least partly
15 away from said interior into the expanded slots of the
tube and any gaps that may be present between the
expanded tube and the borehole wall, and allowing the
bonding agent to cure. In this way a permeable matrix of
bonded solid particles is formed which substantially
20 fills the expanded slots and any gaps between the
expanded tube and the borehole wall.

The coated granules may consist of resin coated
granules having a diameter between 1 and 5 mm which are
injected via injection parts located behind the expansion

25 cone and a wiper set may be trailed behind the cone in

' order to wipe the granules from the interior of the
expanded tube into the slots and any gaps surrounding the
tube.

These and other features, objects and advantages of

30 the method and screen according to the invention will
become apparent from the accompanying claims, abstract
and the following detailed.description.

The invention will now be described in more detail
with reference to the drawings and other examples that

35 are not illustrated.

THIS SHEET HAS BEEN

" This SheetHasBem laued REPLACED




according to the invention the screen conprises at | east one filter
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fibres. Optio e synthetic fibres are selected fromthe group
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Fig. 3 is a side view of a section of one of the
filter sheets of the segmented screen. of Fig. 1 and 2
shown at an enlarged scale;

10 Fig. 4 is a side view of a section of the unexpanded
slotted carrier and protective tube of Fig. 1 shown at an
enlarged scale;

Fig. 5 is a side view of a section of the expanded
carrier and protective tube of Fig. 2 shown at an

15 enlarged scale; and

' Fig. 6 is a schematic longitudinal sectional view of
an expanding slotted tube where resin coated granules are
wiped into the slots to form, after curing of the resin,
a sandscreen. _

20 Referring now to Fig. 1 and 2 there is shown a
borehole 1 passing through an underground hydrocarbon
bearing formation 2. '

An assembly of an expandable slotted carrier tube 3,
a well screen comprising four scaled perforated filter

25 sheets 4 and an expandable slotted protective tube S5 has
been lowered into the borehole 1.

Each filter sheet 4 is connected near one edge to the

carrier tube 3 by a lug 6 such that at an opposite edge |
it overlaps an adjacent sheet 4.

30 The lugs 6 permit the filter sheets 4 to move axially
with respect to the carrier tube 3 and in that way to
enable the axial contraction of the carrier tube 3 as a
result of tangential expansion to be compensated for by
axial sliding of the filter sheets 4 over the carrier

35 tube.




PCT/ EP/ 01460 di scl oses that two co-axial slotted liners may be

pl aced within the well bore such that after expansi on the slots are
not in line in radial direction. Thi s non-aligned sl ot arrangenent
ainms to induce fluids 20 to traverse through the liners via a zig-zag
path thereby preventing sand fromentering the borehole The |iners
used in thi sWA87524rt reference conprised axial slots PCT, Ta

|l ength of at least 25 nmand a width of at |east 0.7 mm Al though
“this known arrangenent does reduce sand 2510 - jinflow into the borehole it
does not create a sand screen hgy uni form and wel | defined
screen openi ng sizelB the aggepb r&ﬁ%ﬁqtaqmﬂ?qﬁﬁiﬂﬂe@h§PrWn§Pead of
usi ng the thatntheaslooa Pedfieehe nowo ad 1ol rialkats \Beland ar-pavel ahs of
co-axial liners e gﬁ%é% [ cr may be
created by u5|n§&§ ggeg L6n féhg%%?i qé&ﬁléeg%ﬁgé§ht|%59F§'sﬁﬁgn
Therefore, in yéﬁeanbﬂhﬁirﬁPTé?ﬁﬁﬂF%%le@&ﬁﬁﬁ?ﬁ?ﬂ 3 shown in Fig.sér ethe
according to thgileeensheatshe $Ar&elTongitudingDPireSici) thed shdabke

tubutar body witByTL¢LE" 8kOkEagBeq het Eh &) L ANAI MM b2 5T P0REY and

over | appi ng pat
PCT/ EP96/ 04887 at such pitch angle that the sheet will contract during

the expansion in longitudinal direction in substantially
the same way as the slotted tube 3.

10 During the expansion process adjacent filter sheets 4
will slide relative to each other and the sheets 4 will
also slide relative to the inner wall of the protective

tube S. .
In the embodiment shown the sheets 4 are made of a
15 perforated nickel foil which is a low friction material.

In order to further reduce friction during expansion
the filter sheets 4 may comprise substantially tangential
slots instead 6f the circular perforations shown in
Fig. 3. The width of such tangential slots will not

20 change significantly during expansion of the assembly
within the borehole 1.

Instead of using a nickel foil for the filter
sheets 4 these sheets may also be made of another
material, such as a sintered woven wire mesh and a

25 synthetic fabric which are described in more detail
elsewhere in this specification.

Instead of using a slotted steel protective tube 5
around the filter sheets 4 any other expandable and
permeable protective tubular body may be used, such as a

30 knitted geotextile sock or a scrolled perforated metal
sheet. Instead of using a plurality of filter sheets
which each only partly surround the carrier tube 3 also a
single scrolled filter sheet may be used which is not
secured. As an alternative to using lugs 6 for connecting

35 the filter sheets 4 to the carrier tube 3, the sheets ¢




-7- whi ch slots substantially have a length less than 10 mm

bef ore expansi on of the tubul ar body. ‘ Preferably the mcro-slots
substantially have before expansi on of the tubular body a | ength
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DS may be s A e BRRCRRLE PR A

i ichis
| ess t hapagdténers ntoroley dagrniest sobesuch a fragil e body from 15

damage during and af gL, J 06160 | r¥etiihg 8aPheEe1£eF &eet 4 at i@y ange the
body co-axially between two conventi ong

_ bet v expandabl e slotted Liners
having |arger s|é&pgidpgedge to the jcgrrder, fupe; §; ?:Engg%m? h’éhs’%’r% go&;’: -
Suitably shese may alspriéesinnectiaderaraiesmadd-dingt el thedcaumeay se

slots 20 havingoasl enchlalsaicd 6a3 alSeBEeand andl ftlcolonls I@asice

2 mm I's obServe patent specification 1,135,809
di scl oses a wel | exerted Wwtthetehppied SUrimgsthes expRRsion Proceggeen

Sg\iﬁﬂd: ng _t;)ht hitsbp_rtﬁrpeg_t 2 efis ennemlgwaweshows 25 an expasded | ek

ot her def or mati oS EReFnaher ot 7'UE the elocledkbbea’s SMatd L N

el ongat e I¥hape. diamond shapghas|eaele &eell 48 FélPat 6s EXPANFLPHRE rtdhe

installing assenblpuhay Bl dccomskislied dyhywdvinar anonegpansion crone| |,
through the steel carrier tube 3 as described in
international patent application'PCT/EP93/01460, whereby
the expansion of the carrier tube also induces the outer

15 tube 5 to expand until it substantially engages the

borehole wall. _ '

During the expansion process cverlap between adjacent
filter sheets 4 is reduced, but the circumferential
length of the scaled sheets 4 is selected sufficiently

20 large that still at least some overlap remains after the
expansion.

As illustrated in Fig. 3 the filter sheets 4 consist
of perforated plates and the width of the perforations
remains substantially the same during and after the

25 expansion process. However, the carrier tube 3 will
contract slightly in longitudinal direction as a result
of the expansion process. Therefore it is preferred to
arrange the lugs 6 within slots which permit the lugs 6
to slide in longitudinal direction relative to the

30 carrier tube 3. However instead of using lugs the front
edges of the filter sheets 4 may also be secured to the
carrier tube 3 by spot welding. In such case this may
result in some longitudinal compaction of the front edges
of the filter sheets during the expansion process if

35 these front edges have a longitudinal orientation.




30 t he nethod conprising arrangi ng the screen around an

expandabl e sl otted tube, |owering the screen and tube assenbly into
the well, inducing the tube to expand by axially nmoving an
expansi on cone therethrough, thereby i ncreasing the interna

di anmeter of the screen with at 35 | east five per cent

vari ati on of WhEAIF3, o openi ng si ze of each%}ln?"'?&%yer of
the screen is |ess than fifty per cent. Optionally the
screen and tube assenbly is wound ‘éFbund a drum and reeled from said

druminto the wel uring . nstallat observed
t-hat * Eur opean pgf’gﬁYeﬁpp?ftc%ﬁI?%erQ Athd I\Igr°%94e‘5§%so‘?%ctib€se€sﬁ§e\ﬁell screen
whi ch is reel edsheets 4f{maynhavi anheddiicay ersentabiomnre Itiisrek rowthecr een
IS not expapded. t@weyermn c&ﬁrcwaatgaeohesael hétd thﬁéic‘ns‘iﬁetjsﬂtl

In an alternative e I nvention

odlnent t é; E ﬂg t he
conmpri ses | ower FAY ARG ica a§PBPFeH u%%?¥+ﬁ%>ﬁ4R$\&uﬁ%°
i nduci ng 5t he tubhatoopposlteequﬁajof whec fihgeyr ahede sovaddtay eddih a

bondi ng_agent ther b8 bBER i:betﬁaﬁ@@@nhaaeaﬁadt%péﬁgaﬁm g;éﬁgx]%%% Yt

| east 15 art y fromsaid interior into the expand slots
of the tube andtaﬁycﬂﬁﬁéefhg? %red- be present between

Fig. 6 shows an embodiment of the screen according to
the invention where a screen is formed in situ within the
10 borehole. An expandable slotted steel tube 10 is expanded
against the borehole wall 11 by pulling an expansion cone
12 upwardly through the tube 10.
The cone 12 is suspended at the lower end of a coiled
tubing 13 via which resin coated granules 14 are injected
15 which pass via injection ports 15 just below the cone 12
into the interior of the expanding'tube 10. A set of two
disk-shaped wipers 16 is trailed behind the cone by a rod
17 which press the granules 14 out of the interior of the
expanded tube 10 into the expanded slots 18 and any gaps
20 19 that may be present between the borehole wall 11 and
the expanded tube 10. After curing of the resin the
granules are bonded to a permeable matrix of granules
which f£ills the expanded slots 18 and which is also
bonded to the rims of these slots 18. The diameter of the
25 granules 14 is selected such that the pores between the
granules 14 form sieve openings of a size suitable to
prevent ingress of sandgrains into the well. For most
sandgrain sizes a suitable granule size is between 0.5 .
and 5 mm. |
30 - Another deformable well screen was constructed from
seven layers of wire mesh woven in a plain rectangular
weave pattern with respectively the following sieve
opening sizes: 5000/950/162/625/325/950/5000 pm.




t he expanded tube and the borehole wall, and all ow ng t he bondi ng

agent to cure. In this way a perneable matri x of bonded solid
particles is fornmed which 20 substantially fills the expanded sl ots
‘?’Ed any ggps bet ween t he expanded tube and the borehole wall.

e coated gr y consi st of resin coated r anul iSI/EM604837 2
di anet er betmggﬁkqﬁgﬁg 5 mm which are "injected v?a I njection parts
| ocat ed behind the 25 expansi on cone angd_a w per set may be trailed
behi nd the cone in order to wipe th 3gfanul es fromthe

interior of the expapgded t. |t :S| a : AlSm t¢
surroundi ng the tube'.?gese i§§%£éiéﬁ%éﬁ%;%g%ggpvg%g?ﬁéfruén gtgﬂt ko

speci fication 30form moplatel wbinh faf|theds noHd §hi8te; & eofoyranti s

cog_t ed with a bo&%bggaﬁgegéaﬁlhn@l@u.perfor ations in a production
tubing to cause the nded granul es. 1.0 8 Sgkeen e.known
sandscreen does howe g? ﬁ%Ygrs con 1§teé(%fﬂﬁh§%%§a°€3g§?§g g%?geﬂegﬁ of

t hr oughouts t he | @@t mmolongeand 170 mk gtifle Wi ghweaxgaisintered togetheze

and ot her featurgs, s0hheghf BRfnICY BUHERS Awo platdsofmebhadezndescr een

accordin ' '
according 1o the |nventi o uill pPates WS TR VodhRT biea26CREPANYI NG

weight. The material was sintered for four hours at
1260 °C and a pressure of 10-4 Pa. The material was
10 allowed to cool in the furnace under vacuum.

After the sintering procedure the stack of layers was
about 9 mm thick. It was then rolled in a rolling mill to
a thickness of 5 mm in one pass and sintered for a
further four hours under the same conditions.

15 . The sintered plate was subsequently cut to a length
of 310 mm ana placed in a 3-roll bending machine with the
170 mm edge parallel to the roll axis and rolled to make
a tube of about 100 mm diameter and 170 mm long.

The seam was then brazed. However, if desired, it

20 would have been possible to weld the seam. In the thus
created tubular screen the layers with the sieve opening
sizes of 162 and 325 pm acted principally as the filter
layers whereas the other iayers, viz those with sieve
opening sizes of 625,950 and 5000 um acted essentially as

25 protective layers. The filter layer with the finest sieve
opening size, i.e. 162 pm, surrounded the filter layer
with the coarser sieve opening size, i.e. 325 um, to
reduce sand accumulation within the screen.

The followiﬁg tests were carried out with sintered

30 woven wire sieve plates according to the invention.

A short length of a tubular sieve plate was axially
compressed between platens in a press to reduce its
length by 10%. The tube walls showed incipient buckles.
No obvious changes in sieve opening size were found in a

35 visual inspection. The length changes in the finest mesh
'




and the foll ow ng detail ed description. The invention will now be

described in nore detail with reference to the draw ngs and ot her

exanpl es t hat are not illustrated. WO 97/ 17524 .

e combani roo Fi 1 sh a c;g-ss sectional viI gwt gfe a
panyi ng d : | shows -se .

22;%& eé ° 637\,\45732een which is Iowgred into a well betweenPEHEPIEA48ST

unexpanded slotted tubes; 5 Fig. 2 shows a cross-sectional view of

t he screen and tube assenbly of Firgl4l-after expansion of the

assenbl y; | de -view of _a section of one of the
filter gheets oFcFﬁ@m?ggﬁﬁﬁth gEi%%Pﬁcﬁ“?ﬁif ds| batyveen the wizpswafathan
enl arged scal e; cbdrser meshfi gith apparentderetieatidin »fSwebiveNpabebla

unexpanded S d r ctive tube of Fig. 1 shown at an
enl alroged scal e; and®546i oﬁ@h&h& affiénd &l dﬁg view of a section of the
expanded caFPFEPeﬁﬂﬂrgrBt%%¥?v%ﬁt%ﬂﬂ¥QﬂeQHm?5h2Wgﬁomhaaedamn a

5 0,5 m long cell, 50 mm diameter, containing 1500 g sand

from a hydrocarbon fluid production well in Uiterburen,

the Netherlands. Air at 100 bar was flowed through the

sand bed and the screen for a week at a nominal velocity

through the screen of 5 m/s. The pressure drop over sand
10 bed and screen remained constant at 3 bar.

The weight of the sand recovered from the cell after
the test was 9 g less. _

It was concluded from this test that the screen
stabilized the sand sufficiently to prevent significant

15 migration of the fine sand. Further the screen was not
pPlugged to the extent that a significant increase in
Pressure drop resulted.
It was also concluded that the combination of
protective layers having a coarse mesh and made from
20 thick wire with filter laYers with fine mesh that are
sintered together creates a robust structure with a fine
sieve size. Sintering the various layers together
produces a screen having a section modulus which is
greater than the sum of section moduli of the individual
25 layers. _

The weaving patterns and wire gauges in the various
layers can be selected to give the desired combination of
strength and compliance in radial, circumferential and
longitudinal directions so that the screen can be made as

30 a self supporting tube which can be reeled from a drum
into the well and then expanded downhole.

If the predominant weaving pattern has its warp axis
parallel to the tube axis and the warp threads are bent
over and under the weft threads, while the latter are

35 . relatively undistorted (as for example in reversed plain




15 enl arged scal e; and : : Fig. 6 is a schematic |ongitudi nal

sectional view of an expandi ng slotted tube where resin coated
granul es are wi ped into the slots to form after curing of the
resin, a sandscreen. 20 Referring nowto Fig. 1 and 2 there
is shown a br ehol e 1 passing through an under gr ound pbrystposesgron
beari ng fornatlonng An assenbly of an expandable slotted
carrier tube 3, a wel | screen<unqn#§|ng four scal ed perforated
filter 25 sheets 4 and an expandabl e otted protective tube 5 has

been | owered int Bui:@ﬁ $056000 £ rdeversed putch thoEd) ftllxéx?rttﬁl%ﬁitel‘h i's

connected near one edge.to carrier f 6 h t hat
at an opposite e&§€aln in l°?$1ER&ﬁ9§%x?egﬁlgﬁj3Eg£tb§h5%;agfvé§¥ igh The
lugs 6 permt thputi hteretaebtrslyl tav mrwesaxi ahflythe tube aar fbe esysddy t o

the carrier tube, %n@ndwhgléhff Y e thre dsegﬁglﬁeﬁbeéﬁﬁ”éﬂe action

of the carrier tu resul t tangenti al expansjon to be
conpensat &l for bjpreads straighy S?]i%%é’u(‘hcht HéaYFI?ErD‘é‘P@étté’”iﬂ-]avé?hec he
carrier 35 " tube. can be more easdiNYExpandéd or reduced in diameter.

PCT/ EP96/ 04887 If the warp and weft threads are at an angle of 45 ° to
the tube axis (as in helically welded tube) then a square
mesh weave will be deformed to a diamond pattern as a

10 result of any deformation causing length or diameter
changes, and the sieve aperture will only change slightly
and by a predictable amount. If two layers of the fine
mesh are separated by coarse mesh, sand eroding the first
layer will accumulate in the space between the two layers

15 and offer some protection against erosion to the second
layer, not only by forming a barrier but also by locally
reducing the permeability and hence the flow. If the
outermost fine mesh has a smaller sieve opening size than
the next fine layer, then any material which passes

20 through the outer fine layer may also pass through
subsequent fine layers, reducing the tendency of the
screen to internal plugging. Preferably the sieve opening
size of the outermost filter layer is at least two times
smaller than any of the other filter and protective

25 © layers.

Yet another deformable well screen was made of a
non-woven needlefelt consisting of aramid fibres which
is marketed by the company Duflot under the trademark
"KEVLAR" EAR 205.

The needlefelt was 4 mm thick, had a weight of
400 g/m2 and was manufactured by needle punching.

30 A needlefelt sheet was brought into a tubular shape
and the engaging ends of the sheet were stitched
together. The thus formed tubular screen was then
arranged around an expandable slotted tube which




- 10 - In Fig. 1 the assenbly is in an unexpanded form so

that the slots 7 of the two slotted tubes 3 and 5 have an el ongat e

| ongi t.udi nal shape and a constant w dth, when seen in
circunferential direction as shown in Fig. 4, the 5 filter sheets 4 in
a longitudinal direction the sheets may al so be wap gq.gﬂ,géw |y
around the c¥a97875%pe 3 at such pitch angle that tﬁ’ Wil
contract during t he expansion in |ongitudinal direction in
substantial ly t he sane way as the-sliétt-ed tube 3. 10 Duri ng
t he expansi on process adjacent filter sheets 4 wll slide relative

to each other arditti@ldyebpd anyinternal digmetexn|ofilds amat The tvbehe inner
the sheets 4" ar o i e D e Skel o e &% Tow
1Eriectsi gﬁ ?rat eri gqé.n?“m’ %ef%ré an?inag?é%rtt_?% ?’ﬁ??lhselror% etghecé" Yiction during
expansi on thiigkness| o&r thRetrbeqwamy5 comprThe fanes sedudted tangenti al
slots insgead ofpdine LLidome! @hrBaEHOEREI OllSe STRVWrddr to exparid &he3. The
s ot " hESL ] 2865 Sbhelfl R g NN Y taPRELY 00
| nst ead of usi ngchamitdieelfokgel reanirad fortexpansion ofsidwt expandabdesheet s
may al so be mudegfe@Pih®e aione. Material, such as a sintered woven wire
mesh and a 25 synt hetic f.agrgg m'iecgcgég dcgstgri bed in nore detail
el sewhere in this sﬁ%"ﬁ FREAPFIRT S RPHEARINGY sl ot t ed
steel prddectiveddmdge o the neediefindttdr €0l the sthitmthes) dthe ot her
expandabl e and ¢njckness of the needlefelt was reduced by 37.5%.
The expanded tube and screen assémbly had a length
of 285 mm and was placed in a tubular container with a
30 mm thick annular layer of sand around the screen.
15 The sand was 0-0.1 mm sand from a hydrocarbon well in
Pekela, the Netherlands. The sand had a permeability
K = 2.10 Darcy and a porosity ni{p) = 42.39%.
Water was pumped radially via six injection points
through the annular sand pack and screen into the
20 interior of the expanded tube and then circulated back
during a period of six hours.
During the test the fluid pressure inside the tube
was about 2.6 bar and the fluid pressure at the
injection point was about 2.7 bar.
25 The water flux througﬁ the screen was 5 1/min.
Throughout the test no sand was detected in the
circulated water and the pressure drop across the sand
pack and screen remained constant at about 0.1 bar.
From the test it was concluded that the expahsion of
30 the screen had caused no significant effect on the
performance of the screen as a sand filter and that
thus only minor variations in sieve opening size of the
screen had occurred as a result of the expansion.




per neabl e protective tubular body may be used, such as a 30 knitted

geotextile sock or a scrolled perforated netal sheet. Instead of
using -a plurality of filter sheets whi ch each only partly surround
the carrier tube 3 also a single scrolled filter sheet may be used
whi ch is not wootsa4secured. As an alternative to using | ug®ce/EP6/04887
connecting 35 the filter sheets 4 to the carrier tube 3, the sheets 4
WD 97/ 17524 - 17 - PCT/EP96/04887

- 11 - may be spot wel ded or connec%ed by ot her nechani ca

fasteners to the carfj&reddteras repeated wikhshead1of sEQEsd idW BAGHR
filter sheet 4 at its I nsj de ed&gﬁ#o t he carBLer tugf %das shown in-
Fig. 1it 5 hay®3) Ko b%‘“’ﬁﬁﬁfiecﬁ”&? SCEESR dWPHAR Y19 Arrier
tube.3 to distrisimtlanyfavesxablenreswdt.ri cti onal forces exerted to

the sheets 4 during phecREPAYE AbHYRARSS of the needlefélk Fbdreeh Wi
assenbly is shown in an e&gandeﬂ form the slots 7 of the

so tha
slotted tfibes 3 HRAt&ARYCLAMRING it hebpeep §ﬁ§ﬁé BéaE%ﬁ ¥tReen in Fig.
5. Expansion of &becular holessefhblarios |z zescofbei sheel bylatoes ngex

expansi on cone located such that the corresponding holes in the
respective plates were co-axial. The plates with the
needlefelt exposed at the location of the holes were

10 then sandblasted for substantial periods.

No damage to the needlefelt screen was observed
after the test for the holes smaller than 5 mm
diameter.

It was concluded from the various tests that a

15 needlefelt or other geotextile fabric is suitable for
use as a deformable sandscreen. It was also concluded
that such a screen can be made and installed in a cost-
effective manner by arranging a tubular fabric layer
between two perforated co-axial pipeé. Such an assembly

20 of fabric layer and pipes can be reeled on a drum and
transported to the wellsite, where the assembly is
reeled from the drum into the well. The fabric layer
may consist of an elongate strip which is wound
helically around the inner perforated pipe such that

25 adjacent windings of the strip at least partly overlap
each other.

The above assembly is particularly attractive if a
screen of substantial length is to be installed in a
compacting reservoir.

30 Alternatively a tubular needlefelt or other fabric
layer is arranged between a pair of co-axial expandable
slotted tubes. In such case the fabric may also consist
of a strip which is wound helically around the inner
expandable tube such that a substantial overlap exists




thrdugh the steel carrier tube 3 as described in I'nt ernati ona

pat ent application PCT/ EP93/ 01460, whereby t he expansi on of the
carrier tube also induces the outer 15 tube 5 to expand until it
substantially engages the bor ehol e wal I . During the
expansi on process overl ap between adj acent filter s '
reduced, but "‘f%%m(??%‘cunf erenti al | ength of the scal @3@?‘@4 S
selected sufficiently 20 | arge that still at |east sonme overl ap
remai ns after the expansi on. - 18 -  As jillustrated in Fig. 3
the filter sheets 4 consi,st ._.0f perfaqrate | ates and the wjdth of
t-he perforationdetween ad?éﬁﬁ?ﬁs”%ﬁﬁ%ﬁ?éh? iﬁhﬁ F%éggah§§86?iﬁﬁpﬁﬂﬂﬁ%ﬁter
t he 25 expafsitive pnbeess. However, the carrier tube 3 wll

contract slight!y iguloggelidpnpl fhSEH WS sR16BtUl! sufficienC]y! N1
expansi on process. erefore Tt is preferred to -arrange | ugs 6
within slots whil@¥gsethat PﬁEeFu§§P§n51°n of the assgabily pbndPasHi nal
directiorsrel at is¢met @vek@apOremains abetwsen Wikj stentHadRMehgkNeE ealle Of USI Ng
lugs the front g 4.0 s8996s of the filter sheets 4 may also be secured to
t he carrier tube by spot welding. In such case this ma

result in some IongﬁF@&Fﬁ&Fecbﬁp%BYiTﬁﬁ%ﬁtqt%?qrﬂﬁﬂFh@Jg§§b°dimen¥ of the
filter sheets dwHendieifoemabiiensubular werss sdredn accordiegetbr eRé edges

have a longitt““fﬁven &EED%%&EB”is not illustrated. In this embodiment

10 the screen comprises a tubular screen in which axial
slots are present, which slots are regularly
distributed in a staggered partly overlapping pattern
over the surface of the screen. The tested screen was
made of a nickel tube which had before expansion an

15 internal diameter of about 145 mm and a wall thickness
of 0.66 mm. The slots each had a length of about 3.5 mm
and a width of 0.15 mm before expansion. The slots were
pitched 5 per 24.5 mm longitudinally and 17 per 24.5 mm
circumferentially, the longitudinal axis of the slots

20 being parallel to the tube.

One millimetre thick steel protective expandable
slotted tubes were co-axially arranged within and
around the screen. The protective tubes each comprised
slots having before expansion a length of about 20 mm

25 and a width of about 2.2 mm. The slots in these
protective tubes were pitched at 24 mm longitudinally
and 4.2 mm circumferentially.

A 2 m long assembly of the nickel sand screen and
steel protective screen was arranged within a steel

30 casing having an internal diameter of about 160 mm and
in which nine inspection holes having a diameter of
about 30 mm were present.

The assembly was expanded against the inner wall of
the casing by pulling a cone through the assembly. Visual

35 examination of the assembly demonstrated a tight fit
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-+12 - However, alternatively the front edges of the filter
sheets- 4 may have a helical orientation relative to the carrier tube
3..In such case one or nore filter sheets 4 may be w apped helically
around t he ca&big%.,stzybe 3 such 5 t hat opposite edges of p&tepdsrosssdr
sheet overl ap each ot her both in the unexpanded and the expanded
position of the carrier tube 3. 19 Fig. 6 shows an

enbodi ment of the screen according to “the invention where a screen

is formed in situ.withinth ' D ed steel
tube 10 is expar? é:‘yeerﬁ trle ggégf“ﬁ% %ﬁ%%@ﬁo@éﬁ I%ﬁ%%}e%gtgéﬁ%ng an
expansi on cone uniform expgpfRarH| 9t KR RIFPLIRE Mfodubgs and the mickehe
agneHIZ i s suspesuindl stirdene hewar resdlofof 1w ledtbansion theubilbgsl3fvi a

I ch resin coated qr. l.e LA e | gh I ankALection
ports 15 just beﬁq%?mq{%}%&o%é‘%z%?eég ﬁ%& né%e’]r%fie gpn;@éir %OFR%P'EFﬁeggéggndi ng
tube .10. A set cfnd whe smallesyj widShapEdthe prlats avass betyepad0bh@hARE t he

cone by a rod g.4 mm.litWiaghcphettdéderigittinenas Marddk iohst B tRkeri or of

t he expanded t.u 10 intqg the expanded sl.ots 18 and,any_gaps 20
19 that may be psrrhé%teﬁfl Mgﬁet ﬁgebg?eﬁg%%th%\a‘ﬁnﬂné’ﬁl& 18" R egﬁgg
expanded tube 1Gamfitteofc expagsdbnt andrthat these variatigngnweze withhonded

to a perneabl e nptddpt1e0namikas which fills the expanded slots 18
and which_ is also gon ed to the.rins of.these
A fl%ﬁ. was

|, .
di amet er 18f the 25 e 4°RETLR e%‘fteod"gﬁﬁff?t Oafﬁé%pggggrbet ween

t he was allowed to flow via three inspection holes through
the screen at rates of between 8 and 10 litres per
minute. During the test the pressure drop across the
screen remained between 0.1 and 0.2 bar.

15 A tén metre long version of this screen was installed
| and tested in an oil well in Oman. The production data
show that not only does the screen control sand
production without the need for gravel packing but alsc
' that the well's productivity is unimpaired compared to
20 its productivity before installation of the screen. The
screen also showed no signs of plugging over a sustained

period of production.




granul es 14 form si eve openi ngs -of—a-size-stitable-to pr event
i.ngress of sandgrains into the we sandgrain sizes a
suitabl e granul e size is between B!ﬁl@mi“ﬂm"mm mm 30 Anot her
deformabl e wel |l screen was constr ! s Tk seven | ayers of w.re
mesh woven in a plain rectangul ar weave pattern with r ctively

t he foIIowiﬂH0§V£W@‘ openi ng si zes: 5000/950/162/625ﬂ§§§$§§ boo
[err]m Wo-97 17524 :

PCT/ EP96/ 04887 ) - - - 13 - These
Iayersm@?‘s t Replaced: her inavacuumf‘% forma plate, which was
then_rollj I H nof a tube and seam wel ded. The

| ayers co ' ts of woven wire nesh of 5 350 mMm I ong and 170
nm wi de whi ch were sintered together i vacuum furnace between
two plates of cordierite cerarﬁ‘é‘.‘%gg'%l ates were pressed
together by a 9 kg wei ght. The nmaterial was sintered for four hours

at 1260, [ er 4] Ge BoEmab 18 6FSLN Bcfeel [ brRventhag"Rigehtlonass 10

alloved to COO'sETiBhSaLEnggg iﬁggﬂa\ﬁ¥a¥ggarbon production well, which

screen comprises at least one substantially tubular -

filter layer having a sieve opening size which is
5 tailored to the size of particles that are to be blocked
by the screen, which filter layer is deformable such that
it can be expandéd. bent, compressed and/or f£luidized
during installation of the screen in a wellbore and that
any variation of the sieve opening size of each filter
10 layer as a result of such deformation remains within
predetermined limits.
2. The well screen of claim 1, wherein the screen is
radially expandable by moving an expansion mandrel in an
axial direction through the interior of the screen and
15 the sieve opening size of each tubular filter layer
remains fairly constant or varies in a predetermined and
uniform manner auring expansion and/or other deformation
of the screen. _
3. The well screen of claim 1 or 2, wherein the well
20 screen is coilable around a drum and installable into a
well by reeling the screen from the drum.
4. The well screen of claim 1, 2 or 3, wherein the
filter layer comprises a series of scaled filter sheets
which are arranged around an expandable slotted carrier
25 tube and which, when seen in a circumferential direction,
are connected at or near one edge to said tube and at
another edge at least partly overlap an adjacent filter
sheet.
5. The well screen of claim 4, wherein the filter sheets
30 are connected to said carrier tube by a series of lugs
that are hooked onto the carrier tube and wherein an

THIS SHEET HAS BEEN
REPLACED




After the sintering procedure the stack of Iayers
thick. It was then rolled in a rolling mll to ”", mﬂun Mﬂmﬁ of 5 mm
i n one-pass and sintered for a further fol e same

condi tions. ThesmabmaeBeed laed was subsequen |y "cdt to a | engt h
of 310 mMm andv?%g?ﬁg machine with the PCT/EPS&/6488FM
edge parall el e roII dto nake - a tube of about
100 mm di ameter and 170 seam was then brazed.

Fbmever,_if desired, it 20 mould have ﬁﬁen possible to weld the seam
In the thus ted .t e S

openi ng s?’%ag%%l%G 1BEgE§2g§fié§§ Jr’ﬁy%g%& pérl;frr%\% past &ﬁgs E'Eei Eeefi | ter
| ayers whereas the@a¥gfer |ayers, viz those with sieve openi ng si zes

of 625,950 and 5090 [mie Welackedeensont thhiw Asor s, wher@/iof edlel ¥g1tayers.
The filter | ayer e%l‘%% fhaSie{ 'én';%]%;o? Svglex:Lble ?%Ptﬁ%iﬁlﬂe %rlazt% alewh%g% is

[err]n1 surround r yer & Coarser Sieve opefl ng
size, - i.e.5325 [ ege}entad from the 9€BHEe°§a5dP%E€Qﬁﬂﬂ%ﬁ|Wﬂ¥%& riiaser ha

screen. metthaﬁaJAd @mlbeagsmeae:sﬁréf esuitanMitd115i ntered 30
woven wire sieve plate cordlgg to Ehg egeng*gn ngA short

| ength of a tubul %ﬁQ& PACE g BxPa F n m%é%pﬁ@?%e&

platens in a pressymth¢ﬁxnu§§hnm§- Iength by 10% The tube malls
showed i nci pi ent puckhfs well screeMOooBb¥iaism £haﬁlg@§ 3,“ wHeeg roR@RI Ng Si ze
ang;ﬁ foungol nas ilter lafeq:alcolmrfas :L%%tsl gpx elggn!i fomatnle%dbré : f%e finest

which the slots and any gaps between the tube and
borehole wall have been filled in situ with granules that
are bonded to each other and to the rims of the slots by
a bonding agent such that pore openings of a selected

15 size remain between the granules.' .
8. The well screen of claim 1, 2, 3 or 7, wherein the
screen comprises an expandable tubular body with
longitudinal micro-slots that are arranged in a
staggered and overlapping pattern, which micro-slots

20 substantially have before expansion of the tubular body
a length less than 10 mm.
9. The screen of claim 8, wherein the tubular body is
made of nickel and the micro-slots substantially have a
length less than 5 mm and a width less than 0.3 mm.

25 10. The well screen of claim 1, 2 or 3, comprising
- at least one deformable tubular filter layer which is
made of a woven metal wire screen; and
- an outer protective layer which co-axially surrounds
the filter layer or layers and an inner protective layer

30 which is fltted co-axially within the protective layer or
layers, whlch protective layers comprise each a woven
metal wire screen having a larger sieve opening size and
wire thickness than at least one of the filter layers,
and wherein the filter and protective layers are sintered

35 together.
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WO 97/ 17524 4887
-.14- accommodat ed by bul gi ng outmards l""ﬂs of the
coarser nesh, with apparent retention of meave and sieve

openi ng di nensi ons. B rmre a d| sc of Si nt ered mesh was
placed in a 5 0, gh'sseemas 0 mm di aneter, contai n| 9 1500 9 sand
froma hydrodMPBHWsﬁlﬂ in Uterburen

Net herl ands. Air at 100 through t he sand bed and the
screen for a week at a nom naI veI ocity - 22 - through the screen of 5
m's. The pressure drop over sand 10 bed and screen renai ned constant at
3 bar. 11. The vre;tbh%cmemﬂaf At m dQoy Bhegeinrodt t easke|9nef t er

the test was 9 &1&%&? layer comprisdsd w&x%sxwhﬂd&d%defbﬁﬂéhhéé iﬁf& thatlghe
screen st abi preyent sr ni ficant

m gration of th& sﬁ@“@égéapﬂgﬁﬂg?fﬁ%‘glc é’ n 5 1&81ve' €5 p?ugged to

t he extent that cengirgdi axéanefi aridakayen. pressure drop resulted.

It was also conqlzudemet hatnt B@ré@ﬂbd:ﬂaélm qfl wherempaOhemscveeffd@ds
havi ng a coarse meg wi.re w.th, f {_layers

with fine mesh hfr é‘eh“? ‘"egr’h?%r%%t‘i rd'etlr?eror&rgéﬁfgsa'é ?oﬁﬁéf

structure with a.rfglreebetween 49i 2\and S0 ° sehakiveicta tenddhcepggalayer s

t oget her axdoduces a screen having a section nodulus which is
greater than the sum of se.tlon noduli of, the |nd|V|d g
13. The we screen of claim 11 or wherein the screen
10 comprises filter sheets that are brought into a helical

shape and welded together in a substant1a11y non-
overlapping helical pattern.

14. The well screen of any one of claims 10-13, com-
prising an inner and an outer filter layer which are co-

15 axial to each other and separated by an intermediate
layer which is made of a woven wire having a larger sieve
opening than the filter layers and which is sintered to
the filter layers, and wherein the outer filter layer has
a smaller sieve copening than the inner filter layer.

20 15. The well screen of claim 14, wherein a pair of outer
protective layers surrounds the outer filter layer and a
pair of inner protective layers is fitted within the
inner filter layer and wherein the outermost outer
protective layer and the innermost inner protective layer

25 have a larger sieve opening size than the other layers.
16. The well screen of claim 1, 2 or 3, wherein the
screen compriées at least one filter layer which is
substantially made of a fabric.

17. The well screen of claim 16, wherein the filter

30 layer comprises an elongate fabric strip which is wound
in an overlapping helical pattern to a substantially
tubular shape.

18. The well screen of claim 16 or 17, wherein said
fabric comprises a needlefelt comprising a material

35 selected from the group of steel wires and synthetic

;l'HIS SHEET HAS BEEN
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25 | ayers. The weaw ng patterns and W re gauges in the

\S/?; ieﬁth and corr{)filya(@i[lcszec'?lﬁls§Pl Al sy K lac glr\e/ﬁtfgf dﬁﬂ"llﬂ"l “'ﬂ"ﬂﬂ”“[]dl nal
directions so that the SCI Hﬂ }I% de as 30 ~a sélf'su bpotting tube

whi ch can be reel (;d, Lrom into the well and the-19eHabs#es
downhol e. : I f the predom nant weaving pattern has its warp axis

parallel to the tube axis and the warp thr s are bent over and
under the weft threads, while the latter 35 relatively undi storted

(as for exanple er;% 1
PCT/ EP96/ 04887 kgbrgg ﬁgéié]flbres selecte&[&gZﬁ Z§34group %ilch neave

or reversed Dutcaramid| fibrrs antk synthgtic fibr??r&?ﬁeFﬁe@o%EﬁTtﬁh?uﬂ

bﬁnd' ng will Be é?b@tl Sel ycARTION" polymeut fabreslatively | ow stress, and

t he tube can be ls t d t, and
the warp 5 tﬁsea smethed g?# J(npﬁté’w}lb%t chd\%gg\l;}gg%?‘e Q%fﬁ g 16%‘% bﬁﬁ

t ube .can Be nor ehgdsprgrbapaprednasiiqreMigddd tnedmaﬁépércomprlslnsf t he warp
and weft threads;2-8ngingNtROTsEr&dn Hrdi@id Janf @xpandable slotted tube,

lowering the screen and tube assembly into the well,

ihducing the tube to expand by axially moving an .
expansion mandrel therethrough, thereby increasing the
10 internal diameter of the screen with at least five per
cent while any variation of the sieve opening size of
each filter layer of the screen is less than fifty per

cent.
20. The method of claim 19, wherein the screen and tube
15 assembly is wound around a drum and reeled from said drum

into the well during installation.

21. A method of installing a deformable well screen in a
hydrocarbon production well, the method comprising
lowering an expandable slotted tube into the well,

20 inducing the tube to expand and the slots to open,
injecting granules coated with a bonding agent into the
expanded tube, wiping thé'granules substantially from the
interior of the tube into the slots and any gaps between
the tube and the wellbore, and allowing the bonding agent

25 to cure.

22. The method of claim 19, 20 or 21, wherein the screen
is installed in a compacting hydrocarbon reservoir which
induces the screen to deform gradually in longitudinal
and other directions after installation.

THIS SHEET Has BEEN
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t he iube axis (as in helically wel ded tube) then a square mesh weave

W ll be deforned to a dianond pattern as a 10 result of any deformation
causing length or dianeter changes, and the sieve aperture will only
change slightly and by a predictable amunt. If two |ayers of the
fine mesh are separated by coarse nmesh, sand erodi ng tpgg/dpo64ss7

| ayer wil| ac@ﬁ”ﬂﬂéﬁ% I n the space between the two |ayers 15 and of fer
sone protection against erosion to the sgggnd | ayer, not only by
formng a barrier but also by locally reduci ng the perneability and
hence the flow. If the . outernost fine nesh has a smaller sieve
openi ng si ze than the next fine layer, then any material which
passes 20 t hrou t outer fine |layer may al so pass through
subsequent fine | aye i‘a‘ciig t he tendency of the screen to

i nternal plugging. ef Br'QMl ¢ & he sieve opening size of the
outernost filter layer is at |east two t] QE smal | er than any of
the other filter and protective 2 N 2 Yet anot her
deformabl e well screen was madQlp 5\ d

AR =‘ aedl efel t
A\ \pey conpan Duf | ot
LAR' EA 205 e idcedl ellt was
= \AN pred\ by
ubuj ar

consisting of aramd fibreg

under the tradenark 2
4 mmthick, had a wei ght )
needl e punching. 30

shape and the
t oget her. The thus‘ey
an expandabl e sl ot\ &4




WD 97/ 17524 PCT/ EP96/ 04887

-. 16 - initially had an internal dianeter of 38 mm The tube

was subsequently expanded to an internal dianeter of 80 mm Before
and after the expansion the wall t hi ckness of the tube was 5 nmm The
force required to 5 pull a cone through the tube in or ¢efrpssmasgand

t he t MO8 ¥4scr een assenmbly was 30 KN. This is 6 KN nore

than the force required for expansion ofsjhe expandabl e slotted tube
al one. The expansion of the screen did not cause any 10

damage to the needlefelt or to the stitches. The: t hi ckness of the
needl efelt was reduced by 37.5% - The expanded tube and screen
assenbly had a length of 285 mm and was placed in a tubul ar

container with a - ' OgQm tgick annul ar |ayer of sand around the
screen. 15 The sanﬁGTnO. mm sand from a hydrocarbon well in
Pekel a, the Netherl ands. sa had a perneability . K =2.10 Darcy
and a porosity n(p) = 42.39% Water was punped radially via six
i njection points t hrough the annul ar sand pack and screen into the
20 interior of the expanded tube and then circul ated back

during a period g ' ours.




Duriﬁg the test the fluid pressure inside the tube was about 2.6

bar and the fluid pressure at the - injection point was about 2.7
bar. 25 The water flux through the screen was 5 |/ mn.

Throughout the test no sand was detected in the circul ated water
and the pressg%fhﬁwﬁa? across the sand pack and screepciaiFnésussh
constant at a .1 bar. From test it was concluded that the
expansi on of 30 t he screen had causéd no significant effect on the
performance of the screen as a sand filter and that t hus only m nor
variations in sieve opening size of the screen had occurred as a
result of the expansion. WO 97/ 17524 .
PCT/ EP96/ 04887 _ - 17 - The
test was repeated w iy t action of 15 [err]m to 63 [err]m
sneared onto the schJG cgi el ded a - simlar favourable result.
Further the | ongevit e Wfedl efelt screen was 5 tested by

clanping it between steel plates with circular hol es of various

sizes. The steel plates mere¢4 ,




Iocéied such that the corresponding holes in the

were co-axi al .

The plates with the

| ocati.on of the holes were 10

peri ods.
after the test for
It was concl uYOPY
geotextile fabric is suitabl
It was al so concl uded

in a cost-

bet ween two per
| ayer and pi pes

e for

needl e
t hen sandbl as

t al

use as

respective plates
felt exposed at the
ted for substanti al

No damage to the needl efelt screen was observed
e holes snaller than 5 mm
the various tests h?g

di anetrTT/EP96/04887
needl efelt or other -
a def ormabl e sandscr een.

5

that such a screen can be made and install ed

effective manner by agranging a tubular fabric |ayer

f o] I al pipes. ch an assenbly 20 of fabric
r d on a drum gnd transported to the
he aSs&nBfy is _ led fromthe druminto the well.

wellsite, where

The fabric |ayer kbt O gate strip which is wound
helically around the i nnd\\Mperfo ed pi peg hat 25 adj acent
wi ndi.ngs of the strip afs st parjly overll ap I} ot her
The above assenbly is p ul ar | attracg1ff Jla ] screen of
substantial length is tsf I nst edina ll 13 cting reservoir. 30
Al ternatively a tubul ar$ Iefelﬂ or other falpdilc | ayer is
arranged between a pair ") ggi expandabl e ‘l g otted tubes. In
such case the fabric may,A%o!&dpd| st i¥\whi ch i s wound
helically around the innt expandabl e hﬁg’;u  hat a substantia
overlap exists N p S
l' o. 10 b ..
. h .

{4

QQ h‘ L=
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- 18 - bet ween adj acent wi ndings of the strip before expansion

of the tubes. The overlap is lnésych.case sel ected sufficiently:
| arge that after expansion of the assenbly at ‘lTeast 5°° - sone overlap -*
remai ns between adj acent -w ndi ngs of the . fabric strip. -
Reference i s noHaREIFLE ANAMR HERCEIBIRA nehtk L Pluggingeofietbenabl e

tubular vell screonatcididg ¢OL1dEse of thd WERRODe Wi ch is not
illustrated. In this enbodi nent 10 the screen conprises a tubular

screen in which axi & well screentin aecerdanes wikh cthe|preambplereful arly
distributed in r y r | r

surface of the g%é%gﬁgﬁfﬁ% %%g%édig%ﬁe%ﬁQ%%égkfgﬁéf ﬁ%%%%to?p%£¥§%ﬁégﬁtube
whi ch had bef or PE(FREI 0N 460 1publicapien neume aé@23/25800but TH#S mm and
a wall thicknes . + O ' T S h, h e h,.of about
3.5 M }nr oar vﬁ“ %‘% hg%fe]gé!l‘g@n%% %cgjf%ér % e&tg%?] st o%‘gr%]llé g?%t nger e
pi.tched 5 per 24vapped cngpundi x| ¢xypamdiakile pearlied tmbe. A problem with

e TeuTTerent all o e PN ORe RS Bhad "6 ARY 97800 v, APRACARALEFE®

: h during the expansion process. :

10 .' It is an objeét bf thé invention to alleviate these
problems. | _ | -

" The screen agcordiﬁg to the.invention thereto
comprisés a tubular filter'layer or a series of scaled
filter sheets which is deformable such that it can be

15 expanded, bent, compressed and/or fluidized during
installation of the screen within a welibore and that aﬁy.
~variation of the sieve opening size of the screen as a
result of such defbrmation remains within predetermined_
limits. | -' ' o
20 o It is preferred that the screen is :adially
expandable by moving an expansion mandrel 'in an axial
' direction through the interior of an expandable slotted
.carrier_tube and the sieve opening'size of each tubular
filter layer remains fairly constanﬁ or varies in a
- 25 : predetermined and uniform manner during expanSion.and/or
other deformation of the screen.
Preferably the screen ié expandable downhole to such
a size that it, or a surrounding protective layer, can be
set at least‘partly against the surroundihg-formation or
30 perforated casing. At locations, such as:washouts and
_doglegs,IWhere'the_borehole wall is so irregular that
'still a gap wéuld remain around the expanded screen a

resin imprégnated graﬁei could be placed in ‘the gap to
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sfotted tubes were co-axially arranged within and around the

screen. The protective tubes each conprised sl ots having before
expansion a | ength of about 20 nmm 25 :and a width .of about 2.2 mm The
slots in these protective tubés‘ﬁkre pi tched -at 24 mm

| ongi tudi nal |y and 4.2 mmcircunferentially. A 2 mlong

assenbl y of theenfekel asapatinsress maghanical cenbartpbetweenvéhecr een was
arranged withinga.s ﬁeg 0 £§881. ng. having an internal dianmeter of about
160 mm and sér é mﬂé ﬁ°ﬁ?ﬁe ?nspectlon ‘hol es having a di aneter of
about 30 nm were . pr@Benonally the scred@heaassedbhy tastbspandedtagai dst the

i nner wall of h ng._b t.hr ough assenbl y.

Visual 35 agaandel ERORRN He eBehur b s Rt R s ERBE phaRR T

WO 97/ 17524 1nduces the lnternal_dlameter of tRETEEPEEN0488%e.

- 19 - ween th assenblgtagg asin agg a_subst anti al

unlforn1expan5|bﬂcﬁ?a?ﬁg g?ﬁ%BEtFG fobd laﬂd fij gkEFen and tubgy

screen. hAs a resggkémpiyt he gxwam,‘sbeﬁet WRitkOtReOtariationt ha ellékrel sand

screen had openegeggnéosgzglggnggcﬁ %Efter layer of the screen as a
result of such expansion of the screen is less than

10 fifty per cent.

e o obn [ ..,.‘l

RI:PLI“UL.,” Y : L

.% ; .
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5; and the small est width of the slots was between 0.3 and 0.4

mm It was concluded that small variations in the . sl ot widths were
due to slight variations in the exgct - ., ampunt -of..expansion and that
these variations were within , accep?able limits.~10- A fl ow
test was carried out during which tap water ~ was allowed to flow via.

t hree |nSpeCtICNppﬂnxﬁgtﬁmbﬂghf each fihtezcltaperaofrhhessofeknt neehe8sand
10 litres per E%Hg the test the pressure drop across the.
screen renalned'%é?meen 1 &hd " Aten netre |ong
version of this scre@ptuwnalhmtahéedcreen andnﬂubesaedemhlgnlslWOmadI in

cand D odtAT IR B R PRC REbd 6708, 205 BA0R: AD BuERR EBL L

~that the Swell's quothgtivstyllstionopaired conpared to 20 its
productivity before nstallatlon f_the screen reen al so
showed no signs of gtf P BREYe g 2y Faﬁﬂﬁapean pateBEr?BBlb?aBFBBuctlon

- 20 - N&. 5914 %5 discloses a well screen which isCrbefed M S
' from a drum durlng_lnstallatlon._Thls known screen is
not:expanded, however, during the installation process.
10 In an alternative embodiment the method according
to the lnventlon comprlses lowerlng an expandable
slotted tube into the well, inducing the tube to
expand, injecting granules anted with a bonding agent
into the expanded tube and wiping the granules at léast
15 partly away from said interior into the expanded slots -
| of the tube and any gaps that may be present between
the expanded tube and the borehole wall, and allowing
the bonding agent tb.cure, In this way a permeable
_ matrix of bonded solid particles is formed which
20 substantially fills the expanded slots and any gaps
. between the expadded_tupe and the borehole wall.'

The coated granules may cdnsist of resin coated
granules having a diameter between 1 and 5 mm which are
injected via injection parts located behind the o

25 expansion cone and a wiper set méy be trailed behind

| | the cone in order to wipe the gfanules_from the
ihterior of the expanded tube into the slots and any _
gaps surroundlng the tube. |
_ It is observed that US patent spec1f1catlon

30 -~ No. 5,211, 234 discloses the 1njectlon of granules

' coated w1th a bonding agent through perforations in a

production tubing to cause the bonded granules to form

a sandscreen. The known sandscreen does however not
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1. A deformable wel |- screen for preventing mgration of solid
particles into a hydrocarbon production well, which screen is
agranged around a carrier tube (3,10) which-is: - -radially expandable
by nmoving an expansi on mandrel (12) - 5 83 nanaxiate direction t hr ough
the interior of the tube - (3, 10) characterized in that the screen
conprises at  form a @a@ﬂll@rre Stqmﬂrarttfﬂdumumycehe (Lefgtdr of gurd es of
scaled . i aV|ng a sieve opening size which is
tailored to theE§F?§ o ar?ﬁ%#%a ‘hat are to be blocked 10 - by the
~screen, which fil teﬁ'hlegyzeran@ilé)tkmr s‘.eamsrecsf, objectsscaxicbchdvarttergsesf&ﬁat s

(4) is defornabl S t i{f can n bent, conmpr.ess
-and/ or fl ui di ze& u#‘%r%lot&a nd SR | é:tci B-‘r? c{:ghbér e]é'thrhtlaorb\é’fﬁg]o
(1, 11) arsd t hat become appyrent dronn tife mmpa@mmemmmzeawtm

filter 14)_qr. filter, sheet (4) .as a result of such
defornatlon ren§¥§s<hﬁiﬁ H&W&ﬂ9n5%54£i?4i4ﬁ§9¥lp tion. > The well screen
of claim1, wherei nThbe 1$16‘rl’e(ﬁftﬂ.dn5 will nowdledRRRME AN 4 A dpd rtahl e
slotted carrier tube ( and conprises at | east one defornable

tubular filter ¥ath reﬁ&f@ﬁw@ﬁ)o Shedravings and, ©tdieni SpmRIRS i ns
fairly : carat able QN 1V@ti@%ddl a predeterm ned and uni f orm manner
during expansi on and/or other deformation of the screen. 3. The

well screen of claiml or 2, wherein the well screen is coil able
around a drumand installable .into a 25" wel |l by reeling the screen from
the drum 4. The well screen of claim1l, wherein the fllter | ayer
conprises a series of scaled filter sheets (4) which are arranged
around an expandabl e slotted carrier tube (3) - and whi ch, when seen
in a C|rcunferent|al dlrectlon are o ' B
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_21- connected at or near one edge to said tube (3) and at

anot her edge at | east partly overlap an adjacent filter sheet (4).

5. The well screen of claim4, wherein the kilter 5 -  sheets (4) are
connected to sai [ y a series” “of Tugs (6) that are .
hooked onto thalﬂ’“ﬁﬂm"’mﬂﬂmﬂi and wherei n an expandabl e sl otted
protective tube {5) ¢ w “surdfounds the filter |ayer. - I8 SPid R8T
screen of claim4 or 5, wherein the filter 10 " sheets (4) are made of a
fl exi bl e pernmeable material which is selected fromthe group of a
perforated netal : plate, a netal Splafe Ic¥mSrising an array of
substantially tangential slots, a sintered woven netal wire and a . .
synthetic fabric. 15 7. The well screen of claim?2, wherein the filter

layer (14) is férnmed dedonuabheewpdhdabrees| foregresenténg migrattiohe of10)
bor ehol o val| (10} Faberbegses” 1H88°l htlirocasbop, BRERRGSNER, Wl 1 el
are bonded to eache@0d is agrhegedndrbonthe camziefr theesl(6,40(18hikh as
DO e or oERFERLEY BebURRaBRELGRRILEES 8 BBShEEbRnaRAS I T
screen 5 in an axial direction through the interior of the tube
| (3,10), characterized_ih that the screen compriseé at
least one tubular filter layer (14) or a series of scaled’
filter sheets (4) having a sieve opening size which is
tailored to the size of parficles that are to be blocked
10 by the screen, which filter layer (1l4) or series of

scaled filters sheets (4) is deformable such that it can

.
be expanded, ‘bent, compressed and/or fluidized during

installation of the screen in a wellbore (1,11) and that -
any variation Qf'the sieve opening size of éach filter
15 layer (14)_or_fiiter'sheet (4) as a result of sﬁqh
deformation remains within predetermined limits.
2. The well screen of claim 1, wherein the screen is
arranged around an expandable slotted carrier tube (3,10)
and comprises at least one deformable tubular filter
20 layer (14) of which the sieve opening size remains fairly
cénstant or varies in a predetermined and uniform manner
during expansion and/or other deformation of the screéﬁ.
3. The well screen of claim l.or 2, wherein the well
screen is coilable around a drum and installable into a
25 well by reeling the screen from the drum.
4. The well screen of claim 1, whérein the filter layer
'comprises a series of scaled filter sheets (4) which ate
arranged around an expandable slottéd carrier tube (3)

and which, when seen in a circumferential direction, are
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cBrrpri ses an expandabl e tubul ar body wi th |ongitudinal 25 m cro-slots

that are -arranged over | appi ng- pattern, which

rqcro slots substaH“'ﬂlmnrﬂmum bef O{e expansi on of the tubular body
ength |l ess than « the sereen-of..claim8, wherein

the tubul ar body is 30 made of ni ckel and the micro-slots substantially

have a : Icengxtela:tle@sati leen rieamomed ealge dich dadish Hutsn (B)3 4Ad at

10. The well scr ISI east_on

defor mabl 6 t ubuPLy tih%l ter |ea3‘}"g°r Lgath, Rar tly °Ver%?a°dea’bfa4a7 SRR kSR wi r e
screen; and sheet— (4an outer prot ectlve | ayer which co-axially surrounds
5 the filter er _or,.layers an | nner protective |laye

which is fltted% g CarieLwi %ﬁntﬁ& ﬁﬁﬁﬁgb ry &SRR (ﬁi B&lteqayers

whi ch pr @t ecti vehleayer g 4gorge S:Sbr@x%@te@ WV & id carrlrat adupd 8y SCreBies
having a | arger sieve opening size and wi re thickness than at Ieast

one of the filt&F K I&9§r§6)16%at argndogkakiontthehg 1qarrign Bk ed)

layers are sintgheein an exXd@Ridtlle slotted phbtelisvielduser epn Of clalm
10, wherein at |east one. filter layer ‘conprises wres ich are

oriented in a Surrounﬁ?bé‘rﬂ?@ntﬁld-lqef Hélyegal weaving pattern relative to a
' 6. The well screen of claim 4 or 5, wherein the filter
10 ~ sheets (4) are made of a flexible permeable material
which is sélected from the group of a perforated metal .
plate, a metal plate comprising an array of subétantially
tangential slots, a sinterea woven metal wire and a
synthetic fabric.
15 '_ 7. The well screen of claim 2, wherein the filter
| layer (14) is formed around an expandable slotted carrier.
tube (10) of which the slots (18) and any gaps (19)
between the tube (10) and borehole wall (11l) have been
filled in situ with granules (14) that are bonded to each
20 other and to the rims of the slots (18) by a bonding
agent such that pore openings of a selected sizé remain
between the granules.
8. The well screen.of claim 2, wherein the screen
coﬁprises an expandable tubular body with longitudinal
25 micro-slots that are arranged in a staggered and
| overlapping pattern, which micro-slots substantially.have
before expansion of the tubular body a length less than
10 mm. | | |
9. The screen of claim 8, wherein the tubular body is
30. made of nickel and the micro-slots'substantially have a

length less than 5 mm and a width less than 0.3 mm.
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15 central axj said | a 12. The well screen of claim
11, wherein a hel U!ilm ,I IH, nlll by the helical weaving pattern is
ogiented at a pit L v between 40Qf-err] and-50[err] relative to
sald central axis. 13. The wel’l~ $¢ A of“clarm 11, wherein the’
screen 20 conprises filter sheets that are brought into a helical
shape and wel dedG-odeneéreliln S@@%St%tqlaﬂw doreomprising over | appi ng

hel ical pattern._ [ C

I nner and ar?1 toulteeagsé‘-T ?ter égyren?a% v&] lga"‘rlg%oﬂa%)% ]?%Speac lplg?}ﬁe]l’s 25
and separ at ed bynagde iaft e radient and taderwinte cﬁcnaem;aohaud)f a. “woven -
wire having a | arger t Il.t.er rs_and i ch
is sintered to the fil t%\rﬁeﬁrogjgrﬁgsﬂ&glg@ larﬂferf { i t%Xlaojuf%rs?‘T‘T?‘g?‘Xm .
| ayer has$ a snalthe Silder layer ompayews tdrah diheinmeerpfotéctivayrayed0

15. The well scregen,of. claim 14, wherein a I.,r. of _.outer . rotective
| ayers surroundsef.t‘lhcé1 it t?ﬁ]ﬁq e(f'olaaf%q’ﬂ%dﬂgthln the %?’?e%tfu{%ng?yer or
protective | ayerlayexrd, tWieicchigdotedthiere laYersIdwmprisétéﬁcﬂaNGWoﬁ@@
wherein the outernost outer rotective

| ayer and the |ﬁrf?etraﬁlné’fl’ﬁ1r?é7rrﬁﬁrbtt?c‘f’1%ara]fe‘?ger sieve r%R/%ma‘g) 9 FHE® 2pdve
openi ng size thanddamidi@led ANHaEn at least bhe e tRd | fSCE€EM fe sl i M 2,

wherein the screen - conprises at |least one filter layer which is
10 and wherein the filter and protective layers are sintered

together. .
11. The well screen of claim iO, wheréin at least one
filter iayer comprises wires which are oriented in a
substantially helical weaving pattern relative to a

15 central axis of said layer. '
12. The well screen of claim 11, wherein a helix defined )

- by the helical weaving pattein is oriented at a pitch

angle between 40° and 50° relative to said central axis.
13. The well screen of claim 11, whe;ein the screen

20 ‘comprises filter sheets that are brought into a helical
shape and welded together in a substantially non-
overlapping helical pattern.
14. The well screen of claim 10, comprising an inner and
an outer filter layef which are co-axial to each other

25 and separated by an intermediate layer which is made of a
woven wire having a larger sieve opening than the filter
layers and which is sintered to the filter layers, and
wherein the oﬁter filter layer has a smaller sieve
opening than the iﬁner filter layer.

30 ~ 15. The well screen of claim 14, wherein a pair of outer
protective layers surrounds the outer filter layer and a
pair of inner protective layers is fitted within the

lnner filter layg; and wherein the outermost outer
REPLL\CLvJ‘H\i
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5" substanti al I Tawad o Fdwf - 17. The well screen of claim
16, wherein the flmmiﬂm"m"mﬂ I!!L conprises an elongate fabric strip
Wi ch is wound in ame ¢ L mOVerl angghgfiqai‘pattern“to a substantially
t ubul ar shape. 10 18. The welT %8creei of clai'm 16, wherein said
fabric . conprises a _needlefelt conprising a material _sel ected

fromthe group BFOSEESLVH déyedh@ns ihifetinnermeosss inner protwghins ilayer
fibres sel ect edphh@Mmat NQ rYeQUR i@ earﬁmrﬂ. {d HiS% than th the)d
fibres selected fromat her%:oup lofv " CARI Lé‘ﬁ- 1%% 'arr)lql yrféér .ﬁfseﬂsé%}é;cs'

19. A nethod of liénsTael Wed la sgaeenmefl ¢ladm 2scwhereiim £he screen

hydr ocar bon pro i I L) : C I.Si . arrangi ng

t he screen arou%gﬁgﬁqgf\égr?&a&%s&t g’t%t e lg'ca&(rérri g.rWers “ﬁlqcr’t ube (3), lowering
the screén and substassdafllly made tdfe 2Eabrioael | (1), inducing the tube

(3) to expand by-axially - Vi n .expansi on _mandrel thetethrough
t her eby o ?[r‘{érggléai %'Sltlhescﬁrr?{g’glr r?a?c |a§‘§bﬁ'er’ GSJ?letrI‘T’é‘nsé:&\:?ergl i d2YeT
| east five per cemprislksr ant edionedtien fabatict ke rdey ediich is wanprirsesm a
series of scaled_ filter .sheets.(4), or .tubular 25 filter layer (14) and
that any variat Pgﬁr&ﬁplpﬂ‘élgsi%gaéﬂca)l patt@ﬁé‘n?‘r‘?gasis??s&fa"&éw I")t/ uhager of

the screen as ashape. +Tesult of the expansion is less than fifty per cent.
20. The thod of claim 19, wherein the _sgreen and tubhe . assenbly is
wound ar-8und a dfum! ﬁdwlejvél SGTERBOLA CA A kP30 Wherain sairk fadRiq 1) -

during install ato@prises a nedllefdTR! RQfhpHisingt al ate A defnmhisy vwel |
screen in a hydr ocar bon production well,” the nethod conpri sing
| owering an exp§ﬁ8&b¢£esﬁ6PF@d°€2F¢ﬁ@ﬁ viFes( and isynghetdc fibres, |
synthetic fibres selected from the group of aramid fibres
and synthetic fibres selected from the group of "CARILON"
15 polymer fibres.
19. A method of installing a deformable well screen in a ’
hydrocarbon production well (1), the method comprising
arranging the séreen-around-an expandable'slotted carrier’
_ tube (3), lowering thelscreen and tube assembly into the
20 well (1), inducing the tube (3) to expand by axially
moving an expansion mandrel therethrough, thereby
increasing the internél diameter of the screen with at
| least five per cent, characterized in that the screen
éomprises a series of scaled filter sheets (4) or tubular
25 filter layer (14) and that any variation of the sieve
opehing size of each filter layer of the screen as a
result of the expansion is less than fifty per cent.
20. The method of claim 19, wherein the screen and tube
assembly is wound around a drum and reeled from said drum
30 into the well (1) during installation.
21. A method of installing a deformable well screen in a- -
hydrocarbon production well, the method compriéing

lowering an expandable slotted carrier tube (1ll) into the
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r23a- wel L i ' he tube (11) to expand and the
slots (18) to opH B ’rﬂ Bgmﬁwjl n that the nethod further
conprises injecti MES s coated wi.th a bondi ng agent into

t he expanded tube (11), wiping the 5 2%3ndles’(l4) substantially fr.om
the interior of the ., tube (11) into the slots (18) and any gaps (19)
bet ween wakl tapd {ndycing the febebétd) (1e) expasdaphdwihg t he

bondi ng_agent tg) 54 e_(lszaF?eosgn,TQHaE’EEE‘QE’iQEﬁ;%ﬁi Fhif tAQ Rbrhbg Wherein

t he screen 10 I ns d”i'n a conpacting rocar bon reservorr which
i nduces the scréentherdetopnigeadiafegtingl gnghuledsndl4) coatedndichbher

directions afteﬁoﬁ&fﬁ&'é&éhgninﬁo the expanded tube (11), wiping the

5 granules (14) substéntially'from the interior of the
tube (11) into the slots (18) and any gaps (19) between
the tube (11) and the wellbore (11), and allowing the
bonding agent to cure.
22. The method of claim 19, 20 or 21, wherein the screen

10 is installed in a compacting hydrocarbon reservoir which
induces the screen to deform gradually in longitudinal

and other directions after installation.
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