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(57) Abrégée/Abstract:
A method of drilling a wellbore (1) Iinto an earth formation is disclosed. The method comprises arranging a drill string (6) and an
expandable tubular element (8) coaxially in the wellbore, the drill string having an axially extending fluid passage (30), the tubular
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(57) Abrege(suite)/Abstract(continued):
element surrounding the drill string and having a lower end bent (12) radially outward and in axially reverse direction so as to form

an expanded tubular section (10) extending around a remaining tubular section of the tubular element, said lower end defining a
bending zone of the tubular element, wherein an annular space Is formed between the. drill string and the remaining tubular

section.



wO 2009/065844 A1 I B0 AR A0 A A0 R0 O 0 0

CA 02702869 2010-04-15

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization f#

International Bureau

(43) International Publication Date
28 May 2009 (28.05.2009)

(10) International Publication Number

WO 2009/065844 A1l

(51) International Patent Classification: (74) Agent: SHELL INTERNATIONAL B.V,; PO Box 384,
E21IB 7/20 (2006.01) E21IB 43/10 (2006.01) Intellectual Property services, NL-2501 CJ The Hague

(21) International Application Number: (NL).
PCT/EP2008/065800  (81) Designated States (unless otherwise indicated, for every
(22) International Filing Date: kind of national protection available): AE, AG, AL, AM,
19 November 2008 (19.11.2008) AOQO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ, CA,
N | CH, CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE,
(25) Filing Language: English EG, ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID,
(26) Publication Language: English IL, IN, IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK,
o LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN, MW,
() Frioxity Dubs: MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL, PT,
(71) Applicant (for all designated States except US): SHELL ™, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,

INTERNATIONALE RESEARCH MAATSCHAPPI] LW.

B.V. [NL/NL]; Carel van Bylandtlaan 30, NL-2596 HR The (84) Designated States (unless otherwise indicated, for every

Hague (NL).

(72) Inventor; and

(75) Inventor/Applicant (for US only): KRIESELS, Petrus,
Cornelis [NL/NL]; Kesslerpark 1, NL-2288 GS Rijswijk
(NL).

(54) Title: METHOD OF DRILLING A WELLBORE

kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
/W), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EL, ES, FI,
FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV, MC, MT, NL,

[Continued on next page]

Fig. 1
g 3% % s vi BV, %
Al N 4! 6
Al s
% \ A
j 4
2""; \ '
\ \ ‘
,.: s \ "‘ 22
o p e W \ DS
2 \ \ 5 10
:'_' 1] E :
% }" P dis 24
::‘ '<' N ‘ ?‘: :/'
& ~ Z 3D
40 - / ‘ ’ it
';'T ;_-."j' 26
12.’.';.-' é \ ZBRY
34 _--_ 12
13 .? 1‘ 14
2zl
1 75 Rt
33p 10

(57) Abstract: A method of drilling a wellbore (1) into an earth for-
mation is disclosed. The method comprises arranging a drill string
(6) and an expandable tubular element (8) coaxially in the wellbore,
the drill string having an axially extending fluid passage (30), the
tubular element surrounding the drill string and having a lower end
bent (12) radially outward and in axially reverse direction so as to
form an expanded tubular section (10) extending around a remain-
ing tubular section of the tubular element, said lower end defining
a bending zone of the tubular element, wherein an annular space is
formed between the. drill string and the remaining tubular section.



CA 02702869 2010-04-15

WO 2009/065844 A1 U1 HVA!H AR AR 1 0 A RO 00T R

NO, PL, PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG,
CI, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Declaration under Rule 4.17:
— as to applicant’s entitlement to apply for and be granted a

patent (Rule 4.17(ii))

Published:
—  with international search report



10

15

20

25

CA 02702869 2010-04-15

WO 2009/065844 PCT/EP2008/065800

L]

METHOD OF DRILLING A WELLBOR.

The present 1nvention relates to a method of drilling

a wellbore 1nto an earth formation.

In the technology of wellbore construction, 1t has
become general practlice to expand one or more tubular

elements 1n the wellbore, for example to form a wellbore

casling or liner that provides stability to the wellbore

wall, and/or zonal isolation between different earth

formation layers. Generally the term "casing" 1s used 1if
the tubular element extends from surface 1nto the
wellbore, and the term "liner" 1s used 1f the tubular
element extends from a downhole location further i1into the

wellbore. However, 1n the present context, the terms

"casing" and "liner" are used 1nterchangeably and without

such 1ntended distinction.

In conventional wellbore construction, several

caslngs are set at different depth 1ntervals, and 1in a

nested arrangement, whereby each subsequent casing 1s
lowered through the previous casing and therefore has a
smaller diameter than the previous casing. As a result,
the cross—-sectional wellbore size that 1s available for
01l and gas production, decreases with depth. To
alleviate this drawback, one or more tubular elements are
radially expanded at the desired depth 1n the wellbore,
to form an expanded casing, expanded liner, or a clad
agailnst an existing casing or liner. Also, 1t has been
proposed to radially expand each subsequent casing to

substantially the same dilameter as the previous casing to

form a monobore wellbore. It 1s thus achieved that the

avallable diameter of the wellbore remains substantially
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constant along (a portion of) 1ts depth as opposed to the

conventional nested arrangement.

EP 1438483 Bl discloses a method of radially

expanding a tubular element 1n a wellbore whereby the

tubular element, 1n unexpanded state, 1s 1nitially

attached to a drill string during drilling of a new
wellbore section. Thereafter the tubular element 1s

radially expanded and released from the drill string.

To expand such wellbore tubular element, generally a
conlical expander 1s used with a largest outer diameter
substantially equal to the required tubular diameter
after expansion. The expander 1s pumped, pushed or pulled
through the tubular element. Such method can lead to high
friction forces that need to be overcome, between the

expander and the 1nner surface of the tubular element.

Also, there 1s a risk that the expander becomes stuck 1in
the tubular element.

EP 0044706 AZ discloses a method of radially

expanding a flexible tube of woven material or cloth by

eversion thereof 1n a wellbore, to separate drilling
fluid pumped into the wellbore from slurry cuttings

flowing towards the surface.

It 1s an object of the 1nvention to provide an

improved method of drilling a wellbore.

In accordance wilith the i1nvention there 1s provided a

method of drilling a wellbore i1into an earth formation,

the method comprising

a) arranging a drill string and an expandable tubular

element coaxially 1n the wellbore, the drill string

having an axially extendling fluild passage, the tubular

element surrounding the drill string and having a lower

end bent radially outward and 1n axially reverse

direction so as to form an expanded tubular section
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extendlng around a remalning tubular section of the
tubular element, said lower end defining a bending zone
of the tubular element, whereln an annular space 1S

formed between the drill string and the remaining tubular

section;

b) 1nducing the drill string to further drill the
wellbore;

c) 1nducling the bending zone to move 1n axial direction
relative to the remaining tubular section so as to
increase the length of the expanded tubular section;

d) 1nducing a stream of drilling fluid to flow into the

wellbore via the annular space, and dischargling the

stream of drilling fluid from the wellbore via the fluid

passage of the drill string.

Thus, the tubular element 1s effectively turned

1inside out during the bending process. The bendling zone

of a respective laver defines the location where the

bending process takes place. By inducing the bending zone

CO move 1n axial direction along the tubular element 1t
15 achieved that the tubular element 1s progressively
expanded without the need for an expander that 1s pushed,
pulled or pumped through the tubular element.
Furthermore, with the method of the invention 1t 1s
achieved that the risk that the liner becomes exposed to

very high gas pressures 1n the event of a gas—-kick during

drilling, 1s significantly reduced. In such event, the

wellbore traverses a formation containing gas at high
pressure whereby a volume of the high-pressure gas flows

into the return stream of drilling fluid present 1n the

wellbore. Since the return stream of drilling fluid,

which contains high-pressure gas, 1s discharged from the

wellbore via the fluid passage of the drill string rather

than via the annular space, the liner 1s not exposed to
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the high-pressure gas. Consequently, there 1s a reduced
risk of overstressing the liner, and less stringent

design regqulrements may apply to the liner.

In order to channel the stream of drilling fluid

through on or more nozzles at the lower end of the drill

string, as 1n conventional wellbore drilling, sultably
the remaining tubular section 1s sealed relative to the

dri1ll string.

For example, 1f the drill string 1is provided with a

drill bit having a fluid channel arranged to 1nject

drilling fluid 1nto the wellbore, preferably the stream

of drilling fluid 1s 1nduced to flow from the annular

space 1nto the wellbore via the fluid channel.

It 1s preferred that the wall of the tubular element

includes a material that 1s plastically deformed i1n the

bending zone, s0 that the expanded tubular section

retains an expanded shape as a result of said plastic

deformation. In this manner 1t 1s achieved that the

expanded tubular section remalns 1n expanded form due to
plastic deformation, 1.e. permanent deformation, of the

wall. Thus, there 1s no need for an external force or

pressure to maintaln the expanded form. If, for example,
the expanded tubular section has been expanded agalinst
the wellbore wall as a result of said bending of the
wall, no external radial force Or pressure needs to be
exerted to the expanded tubular section to keep 1t
against the wellbore wall. Suitably the wall of the
tubular element 1s made of a metal such as steel or any
other ductile metal capable of being plastically deformed
by eversion of the tubular element. The expanded tubular

section then has adequate collapse resistance, for

example 1n the order of 100-150 bars.
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In order to keep the bending zone close to the lower

end of the drill string, 1t 1s preferred that step (c)

comprises 1nducing the bending zone to move 1n downward
direction of the wellbore, wherelin the speed of downward
movement of the bending zone 1s substantially equal to

the speed of downward movement of the drill string during

further drilling of the wellbore.

Sultably the bending zone 1s i1induced to move 1n axial
direction relative to the remaining tubular section by
inducing the remalning tubular section to move 1n axial
direction relative to the expanded tubular section. For
example, the expanded tubular section 1s held stationary
while the remalning tubular section 1s moved 1n axial
direction through the expanded tubular section to 1nduce

sald bending of the wall.

In order to 1nduce said movement of the remaining
tubular section, preferably the remaining tubular section

15 subjected to an axially compressive force acting to

induce said movement. The axially compressive force

preferably at least partly results from the weight of the

remalning tubular section. If necessary the welght can be
supplemented by an external, downward, force applied to
the remaining tubular section to i1nduce said movement. AsS
the length, and hence the weight, of the remalning
tubular section 1ncreases, an upward force may need to be
applied to the remaining tubular section to prevent

uncontrolled bending or buckling 1n the bending zone.

If the bending zone 1s located at a lower end of the
tubular element, whereby the remaining tubular section 1s
axially shortened at a lower end thereof due to said

movement of the bending zone, 1t 1s preferred that the

remalining tubular section 1s axlally extended at an upper

end thereof 1n correspondence wilith said axial shortening
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at the lower end thereof. The remaining tubular section
gradually shortens at 1ts lower end due to continued
reverse bending of the wall. Therefore, by extending the
remalining tubular section at 1ts upper end to compensate
for shortening at i1ts lower end, the process of reverse
bending the wall can be continued until a desired length
of the expanded tubular section 1s reached. The remaining
tubular section can be extended at i1ts upper end, for
example, by connecting a tubular portion to the upper end
1n any sulitable manner such as by welding. Alternatively,
the remaining tubular section can be provided as a coiled
tubling which 1s unreeled from a reel and subsequently
inserted 1nto the wellbore.

As a result of forming the expanded tubular section

around the remalining tubular section, an annulus 1s

formed between the unexpanded and expanded tubular
sections. ToO 1ncrease the collapse resistance of the

expanded tubular section, a pressurized fluid can be

inserted into the annulus. The fluid pressure can result
solely from the weight of the fluid column 1n the
annulus, or 1n addition also from an external pressure
applied to the fluid column.

The expansion process 1s sultably 1nitiated by
bending the wall of the tubular element at a lower end
portion thereof by any suitable means.

Optionally the bending zone can be heated to promote
bending of the tubular wall.

To reduce any buckling tendency of the unexpanded
tubular section during the expansion process, the
remaining tubular section advantageously 1s kept

centralised within the expanded section.



10

15

20

25

30

WO 2009/065844

CA 02702869 2010-04-15

The 1nvention will be described hereinafter 1n more

detall and by way of example, with reference to the
accompanyilng drawlngs 1n which:
Fi1g. 1 schematically shows, 1n longitudinal section,

an embodiment of a drilling system for use with the

method of the 1nvention.
Referring to Fi1g. 1 there 1s shown a wellbore 1

extending 1nto an earth formation 2, a tubular element 1n

the form of liner 4, and a drill string 6 having a drill

bit 7 at 1ts lower end. The drill string 6 and liner 4

extend coaxially 1in downward direction through the

wellbore 1, whereby the liner 4 surrounds the drill

string 6. A relatively short open-hole section la of the
wellbore 1 extends below the liner 4.

The liner 4 has been partially radially expanded by

eversion of the wall of the liner whereby a radially
expanded tubular section 10 of the liner 4 has been

formed having an outer diameter substantially equal to

che wellbore diameter. A remalning tubular section 8 of
the liner 4 extends concentrically within the expanded
tubular section 10.

The wall of the liner 4 1s, due to eversion at 1ts
lower end, bent radially outward and 1n axially reverse
(1.e. upward) direction so as to form a U-shaped lower
section 12 of the liner. The U-shaped lower section 12
interconnects the remalning liner section 8 and the
expanded liner section 10, and defines a bending zone 14
of the liner 4.

The drill bit 7 comprises a pilot bit 15 with gauge

diameter slightly smaller than the i1nternal diameter of

the remaining liner section 3, and a reamer section 16

wlith gauge diameter adapted to drill the wellbore 1 to

1ts nominal diameter. The reamer section 16 1s radially

PCT/EP2008/065800
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retractable to an outer diameter allowlng 1t to pass

through unexpanded liner section 8, so that the drill
string 6 can be retrieved to surface through the
unexpanded liner section 8.

The expanded liner section 10 1s axilally fixed to the
wellbore wall 19 by virtue of frictional forces between
the expanded liner section 10 and the wellbore wall 19
resulting from the expansion process. Alternatively, or
additionally, the expanded liner section 10 can be
anchored to the wellbore wall by any sultable anchoring
means (not shown).

A seal element 1n the form of packer 20 1s arranged

1n the annular space 22 between the drill string 6 and
the remalning liner section 8 thereby defining an upper

portion 24 of the annular space and a lower portion 26 of

che annular space, sailid portions 24, 26 being sealed from
each other by the packer 20. The packer 20 1s fixedly

connected to the drill string 6, and 1s adapted to rotate

about 1ts central longitudinal axis relative to the
remalning liner section 8. Furthermore the packer 20 1s
adapted to slide 1n axial direction relative to the
remailning liner section 8. Alternatively the packer 20 1s

non-rotating, whereby the drill string 6 can be rotating

Or non-rotating relative to the packer 20.

The drill string 6 has an axlially extending fluid

passage 30 provided with a seal member 32 arranged near a

lower end of the drill string. The seal member 32 defilines
respective upper and lower portions 33a, 33b of the fluid
prassage 30, the portions 33a, 33b being sealed from each

other by the seal member 32.

Furthermore, the drill string comprises a first

condult 34 that provides fluilid communication between

upper portion 24 of the annular space 22 and a fluid
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channel 36 of the drill bit 7, the fluid channel 36 being

arranged to eject drilling fluid into the wellbore 1 via

a plurality of drill bit nozzles 38. Also, the drill

string comprises a second condult 40 that provides fluid
communication between the open-hole wellbore section 1la
and the upper portion 33a of the fluid passage 30. The
first and second conduits 34, 40 pass through the seal
member 3Z2.

During normal operation of the embodiment of Fig. 1,
a lower end portion of the liner 4 1s 1nitially everted,
that 1s, the lower end portion 1s bent radially outward
and 1n axially reverse direction so as to 1nitially form
the U-shaped lower section 12 and a short length of
expanded liner section 10. Subsequently, the short length

of expanded liner section 10 1s anchored to the wellbore

wall by any sultable anchoring means. Depending on the
geometry and/or material properties of the liner 4,

alternatively the expanded liner section 10 can become

anchored to the wellbore wall automatically due to
friction between the expanded liner section 10 and the
wellbore wall 19.

The unexpanded liner section 8 1s then gradually
moved downwardly while the expanded liner section 10
remains stationary, by application of a suitable downward
force thereto at surface. The bending zone 14 of the
liner 4 thereby gradually moves 1n downward direction,
whereby the remaining liner section 8 1s progressively
everted so0 as to be transformed 1nto the expanded liner
section 10. During the eversion process, the bending zone
14 moves 1n downward dilrection at approximately half the

speed of movement of the remaining liner section 8.

Simultaneously with downward movement of the

remalining liner section 8, the drill string 6 1s operated
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to further drill the wellbore 1 by rotation about 1ts

central longitudinal axis. The drill string 6 thereby
moves deeper i1into the wellbore 1. The rate of downward
movement of the remalining liner section 8 1s controlled

at surface so as to be substantially equal to the rate of

downward movement of the drill string 6. In this manner
1t 1s achieved that the bending zone 14 remains close to

the drill bit 7, and that consequently the length of the

open—-hole wellbore section la remains relatively short.
Since the length, and hence the weight, of the
unexpanded liner section 8 gradually increases, the

magnitude of downward force 1s gradually decreased.

Eventually, the downward force may need to be replaced by
an upward force to prevent buckling of the unexpanded

liner section 8. Such upward force can be applied

directly to the remaining liner section 8 at surface.

Alternatively, the drill string 6 supports the remaining

liner section 8 by suitable bearing means (not shown), SO

chat the upward force can be applied to the drill

string 6 at surface, and thence transmitted to the

remalning liner section 8 vlia the bearing means. In such
case, the weight of the unexpanded liner section 8, 1n

combination with the downward force (1f any), also can be

used to provide a thrust force to the drill bit 44 durlng

drilling.

Sultably the magnitude of the downward or upward
force referred to hereinbefore, 1s controlled at surface

SO as to achieve simultaneous lowering of the drill

string 6 and the remaining tubular section 8 at

substantially the same speed.

During rotation of the drill string, a stream of

drilling fluid 1s cilrculated through the wellbore 1 1n

reverse clrculation mode. That 1s, the stream of fluid 1s



CA 02702869 2010-04-15
WO 2009/065844 PCT/EP2008/065800

— 11 -

pumped at surface i1into the annular space 22. From there,
the stream flows downwardly through the upper portion 24
of annular space 22, and subsequently wvia the first
conduit 34, the fluid channel 36 and nozzles 38, 1nto the

o open—-hole section la of wellbore 1. The stream of

drilling fluid, with entrained rock cutting particles

resulting from the drilling process, then flows wvia the

second condult 40 1nto the upper portion 33a of the drill

string fluid passage 30, and thence upwardly to surface

10 where the drilling fluid 1s processed 1n conventional

manner.

In case of a gas—-kick during drilling, whereby a

volume of gas at high pressure flows from the formation
into the open-hole section la, the volume of gas flows

15 via the second conduit 40 and the fluid passage 30 to

surface. Thus, the volume of gas does not flow to surface

via the annular space 22 as 1n conventional drilling

fluid circulation. Consequently, the liner 4 1s not

subjected to the high gas pressure during a gas—-kick so
20 that the risk of the burst pressure of the liner 4 being

exceeded, 1s significantly reduced.

Also, 1t 1s an advantage of the method of the

invention that the flow velocity of the stream of

drilling fluid with entrained drill cuttings 1in the drill
25 string fluid passage 30, 1s relatively high, so that

adegquate flow of the drill cuttings to surface is

ensured. Similarly, 1n case the drilling fluid contains
abrasive particles, for example as applied 1n abrasive

Jjet drilling systems, the high flow velocity ensures

30 improved flow of the abrasive particles with the drilling

fluid stream to surface.

Another advantage of reverse fluld circulation as

used with the method of the i1nvention relates to the
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fluild pressure 1n the annular space 22, which 1is

relatively high. This fluld pressure can pe utllised to

generate an additional thrust force to the drill string,

for example 1f the packer 20 1s axially fixed to the

dri1ll string 6. Also, the fluid pressure may be utilised

to generate an additional downward force on the
unexpanded liner section 8, for example 1f the packer 20

1s temporarilily axially fixed to the unexpanded liner

section 8. Instead of rotating the drill string to deepen

the wellbore, the drill bit can be driven by a downhole

motor provided 1n the bottom hole assembly of the drill

string, whereby the stream of drilling fluid drives the

downhole motor.

As dri1lling proceeds, plpe sections are added at the

top of unexpanded liner section 8 1n correspondence with

1ts lowering i1into the wellbore, as 1s normal practice for

installing casings or liners 1nto wellbores.

When 1t 1s required to retrieve the drill string 6 to

surface, for example when the drill bit 7 needs to be

replaced or when drilling of the wellbore 1 1s complete,
the reamer section 16 brought to i1ts radially retracted

mode. Subsequently the drill string 7 is retrieved to

surface through the unexpanded liner section 8.
With the method of the invention, 1t 1s achileved that
the wellbore 1s progressively lined with the everted

liner during drilling directly above the drill bit. As a

result, there 1s only a relatively short open-hole

section of the wellbore during the drilling process at

all times. The advantages of such short open-hole section

will be most pronounced during drilling 1nto a

hydrocarbon fluid containing layer of the earth

formation. In view thereof, for many applications 1t wil:

be sufficient 1f the process of liner eversion during
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drilling 1s applied only during drilling 1nto the

hydrocarbon fluild reservolr, while other sections of the
wellbore are lined or cased 1n conventional manner.
Alternatively, the process of liner eversion durilng

dri1lling may be commenced at surface or at a selected

downhole location, depending on clrcumstances.

In view of the short open-hole section during

dri1lling, there 1s a significantly reduced risk that the

wellbore fluid pressure gradlent exceeds the fracture
gradient of the rock formation, or that the wellbore
fluid pressure gradient drops below the pore pressure

gradient of the rock formation. Therefore, considerably

longer 1ntervals can be drilled at a single nomilnal

diameter than i1n a conventional drilling practice whereby

casings of stepwise decreasing diameter must be set at

selected 1ntervals.

Also, 1f the wellbore 1s drilled through a shale

layer, such short open-hole section eliminates possible
problems due to heaving of the shale.

After the wellbore has been drilled to the desired

depth and the drill string has been removed from the

wellbore, the length of unexpanded liner section that 1is

sti1ll present 1n the wellbore can be left 1n the wellbore

or 1t can be cut-off from the expanded liner section and

retrieved to surface.

In case the length of unexpanded liner section 1S
left 1n the wellbore, there are several options for
completing the wellbore. These are, for example, as
follows.

A) A fluid, for example brine, 1s pumped 1nto the

annular space between the unexpanded and expanded liner

sections 8, 10 so as to pressurlse the annular space and

increase the collapse resistance of the expanded liner
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section 10. Optionally one or more holes are provided 1in
the U-shaped lower section 12 to allow the pumped fluid

to be circulated.

B) A heavy fluid i1s pumped 1nto the annular space SO as
to support the expanded liner section 10 and increase 1ts
collapse resistance.

C) cement 1s pumped 1nto the annular space 1n order to
create, after hardening of the cement, a solid body
between the unexpanded liner section 8 and the expanded
liner section 10, whereby the cement may expand upon
hardening.

D) the unexpanded liner section 8 1s radially expanded
(1.e. clad) against the expanded liner section 10, for

example by pumping, pushing or pulling an expander

through the unexpanded liner section 3.

In the above examples, expansion of the liner 1is

started at surface or at a downhole location. In case of

an offshore wellbore whereby an offshore platform 1s

positioned above the wellbore, at the water surface, 1t

can be advantageous to start the expansilion process at the

offshore platform. In such process, the bending zone
moves from the offshore platform to the seabed and from
there further into the wellbore. Thus, the resulting
expanded tubular element not only forms a liner 1n the
wellbore, but also a riser extending from the offshore
platform to the seabed. The need for a separate riser
from 1s thereby obviated.

Furthermore, condults such as electric wlres oOr
optical fibres for communication with downhole equipment
can be extended 1n the annular space between the expanded

and unexpanded sections. Such conduits can be attached to

the outer surface of the tubular element before expansion

thereof. Also, the expanded and unexpanded liner sections
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can be used as electricity conductors to transfer data
and/or power downhole.
Since any length of unexpanded liner section that 1s

sti1ll present 1n the wellbore after the eversion process,

15 subjected to less stringent loading conditions than
the expanded liner section, such length of unexpanded
liner section may have a smaller wall thickness, or may
be of lower quality or steel grade, than the expanded
liner section. For example, 1t may be made of pipe having
a relatively low yield strength or relatively low

collapse rating.

Instead of leaving a length of unexpanded liner
section 1n the wellbore after the expansion process, the
entire lilner can be expanded with the method of the

invention so that no unexpanded liner section remalns 1n

che wellbore. In such case, an elongate member, for
example a pipe string, can be used to exert the necessary
downward force to the unexpanded liner section during the

last phase of the expansion process.

In order to reduce friction forces between the
unexpanded and expanded tubular sections during the
expansion process descrilibed 1n any of the aforementioned
examples, sultably a friction reducing layer, such as a
Teflon layer, 1s applled between the unexpanded and
expanded tubular sections. For example, a friction
reducing coating can be applied to the outer surface of
the tubular element before expansion. Such lavyer of
friction reducing material furthermore reduces the
annular clearance between the unexpanded and expanded

sections, thus resulting 1n a reduced buckling tendency

of the unexpanded section. Instead of, or 1n addition to,

such friction reducing layer, centralizing pads and/or

rollers can be applied between the unexpanded and
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expanded sections to reduce the friction forces and the

annular clearance there—-between.

Instead of expanding the expanded liner section
against the wellbore wall (as described above), the
expanded liner section can be expanded against the 1nner
surface of another tubular element already present i1n the

wellbore.
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1. A method of drilling a wellbore 1into an earth

formation, the method comprising

a) arranging a drill string and an expandable tubular

element coaxially 1n the wellbore, the drill string

having an axially extendling fluld passage, the tubular

element surrounding the drill string and having a lower
end bent radially outward and 1n axlially reverse
dlirection so as to form an expanded tubular section
extending around a remalinling tubular section of the
tubular element, said lower end defining a bending zone
of the tubular element, whereln an annular space 1S

formed between the drill string and the remalning tubular

section;

b) 1nducing the drill string to further drill the
wellbore;

c) 1nducing the bendling zone to move 1n axial direction
relative to the remaining tubular section so as to
1ncrease the length of the expanded tubular section;

d) 1inducing a stream of drilling fluid to flow iInto the

wellbore via the annular space, and dischargling the

stream of drilling fluid from the wellbore via the fluid

passage of the drill string.

2. The method of claim 1, wherein a lower end portion of
the remalning tubular section 1s sealed relative to the

dr1ll string.

3. The method of claim 1 or 2, wherein the drill string

1s provided with a drill bit having a fluid channel

arranged to inject drilling fluilid i1into the wellbore, and

wherein the stream of drilling fluid i1s induced to flow
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from the annular space i1nto the wellbore via the fluid
channel.

4., The method of any one of claims 1-3, wherein step (cC)
comprises i1nducing the bending zone to move 1n downward
direction of the wellbore, and whereln the speed of
downward movement of the bendlng zone 1s substantially

equal to the speed of downward movement of the drill

string during further drilling of the wellbore.

5. The method of any one of claims 1-4, wherein the wall
of the tubular element 1ncludes a material susceptible of
plastic deformation 1n the bendling zone during the
bendling process so that the expanded tubular section
retains an expanded shape as a result of said plastic
deformation.

6. The method of any one of claims 1-5, wherein the
bending zone 1s 1nduced to move 1n axial direction
relative to the remaining tubular section by inducing the

remalining tubular section to move 1n downward direction

relative to the expanded tubular section.

7. The method of claim 6, wherein the remalining tubular
section 1s subjected to an axially compressive force
acting to i1nduce said movement of the remaining tubular
section.

3. The method of c¢claim 6 or 7/, whereln said axially
compressive force 1s at least partly due to an external
force applied to the remaining tubular section.

9. The method of any one of claims 1-3, wherein the
remalining tubular section 1s axially shortened at a lower
end thereof due to said movement of the bending zone, and
whereln the method further comprises axilially extending

the remaining tubular section at an upper end thereof 1in

correspondence with sailid axial shortening at the lower

end thereof.
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10. A drilling system for drilling a wellbore 1nto an

earth formation, the system comprising

a) a drill string and an expandable tubular element

extendling coaxially in the wellbore, the drill string

having an axially extendling fluild passage, the tubular

element surrounding the drill string and having a lower
end bent radially outward and 1n axilially reverse
direction so as to form an expanded tubular section
extending around a remalinling tubular section of the
tubular element, said lower end defining a bending zone
of the tubular element, whereln an annular space 1S

formed between the drill string and the remalning tubular

section;

b) means for inducling the drill string to further drill

the wellbore;

c) means for inducing the bendling zone to move 1n axial
direction relative to the remalning tubular section so as
to 1ncrease the length of the expanded tubular section;

d) means for 1nducing a stream of drilling fluid to flow

into the wellbore via the annular space, and discharging

the stream of drilling fluid from the wellbore wvia the

fluid passage of the drill string.

11. The method substantially as described herelnbefore
wilith reference to the drawlngs.

12. The drilling system substantially as described

herelinbefore with reference to the drawings.
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