(19) AUSTRALIAN PATENT OFFICE

(11) Avplication No. Al 2004234548 B2

(54) Title
Method of creating a borehole in an earth formation
(51)6 International Patent Classification(s)
E21B 43/10 E21B 7/20
(2006.01) 20060101ALTI20051
E21B 7/20 008BMEP
(2006.01) E21B 29/00
E21B 29/00 20060101ALTI20051
(2006.01) 008BMEP
E21B 43/10 PCT/EP2004/05054
20060101AFI20051 4
008BMEP

(21) Application No: 2004234548
(87) WIPO No: wW004/097168
(30) Priority Data

(31 Number (32) Date
03252654.3 2003.04.25
(43) Publication Date : 2004.11.11

(1) Applicant(s)

(33)

(22) Application Date: 2004.04.16

Country
EP

Shell Internationale Research Maatschappij B.V.

(72) Inventor(s)

Schilte, Paul Dirk; Benzie, Scott Anthony; Filippov, Andrei Gregory;

Dewar, John Alexander Gordon

(74) Agent/Attorney

Davies Collison Cave, 1 Nicholson Street, MELBOURNE, VIC, 3000

(56)  Related Art
US 2001/0045284 A
US 5271472 A
WO 2001/86111 A
WO 2002/38343 A




WO 2004/097168 A1 [INTIWANNEINNHN NN

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATE

(19) World Intellectual Property
Organization
International Burcau

(43) International Publication Dale
11 November 2004 (11.11.2004)

PCT

T COOPERATION TREATY (PCT)

g |

(10) International Publication Number

WO 2004/097168 A1

{51) International Patent Classification’:
7120, 29/00

E21B 43/10,

(21) International Application Number:
PCT/IP2004/050544

(22) International Filing Date: 16 April 2004 (16.04.2004)

(25) Filing Language: English

(26) Publication Language: Tinglish

(30) Priority Data:
03252654.3 25 April 2003 (25.04.2003) TP

(71) Applicant (for all designated States except CA,
US): SHELL INTERNATIONALE RESEARCH
MAATSCHAPPLJ B.V. [NL/NLJ; Carel van Byland(laan
30, NL-2596 11R "I'he Ilaguc (NL).

(71) Applicant (for CA only): SHELL CANADA LTD
[CA/CA]; 400 - 4 th Avenue S.W., Calgary, Alberta 12P
2H5 (CA).

(72)
(75)

Inventors; and

Inventors/Applicants (for ['S only): BENZIE, Scott,
Anthony [GB/NL]; Volmerlaan 8, NL-2288 GD Rijswijk
(NL). DEWAR, John, Alexander, Gordon [GB/NL];
Volmerlaan 8, NL-2288 GD Rijswijk (NL). FILIPPOV,
Andrei, Gregory [US/US]; 2606 Hidden Share Drive,
Katy, Texas 77450 (US). SCHILTE, Paul, Dirk [NL/NL];
Volmerlaan 8, NL-2288 GD Rijswijk (NL).

(81) Designated Stales (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
Al AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA. CH, CN,
€O, CR, CU, €7, DE, DK, DM, D7, EC, BE, HG, ES, F,
GB, GD, GE, GII, GM, 1IR, 11U, ID, IL, IN, IS, JP, KE,
K@, KP, KR, K7, [.C, LK, LR, IS, LI, LU, LV, MA, MD,
MG, MK, MN, MW, MX. M7, NA, NI, NO, N7, OM, PG,

| Continued on next page|

(54) Title: METHOD OF CREATING A BOREHOLE IN AN EARTH FORMATION

(57) Abstract: A method of creating a borehole in an earth formation is provided.

The method comprises the steps of drilling a section of the borehole and lowering an

expandable tubular element into the borehole whereby a lower portion of the tubular

element extends into the drilled borehole section, radially expanding said lower por-
/é’ tion of the tbular element so as to form a casing in the drilled borehole section, and
separating an upper portion of the tubular element from said lower portion so as to
allow the separated upper portion to be moved relative to said lower portion.
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METHOD OF CREATING A BOREHOLE IN AN EARTH FORMATION

The present invention relztes to a method of
creating a borehole in an earth formation. In the
production of hydrocarbon fluid from an earth formation,
borcholes are drillsd to provide a conduit for

5 hydrocarbon £luid Zlowing from a reservoir zone to a
production facility to surface. In conventional drilling
operations the borehole is provided with tubular casing
cf predetarmined length at selected intervals of
drilling. Such piocedure leads to the conventional nested

10 arrangement of casinrgs whereby the available diameter for
the production of hydrocarbon fluid becomes smaller with
depth in stepwise fashion. This stepwise reduction in
diameter can lead to technical or economical problems,
especially for deep wells where a relatively large number

15 of separate casings is to be installed.

In the description below the terms “casing" and
"liner" are used without implied distinction between such
terms, whereby both terms generally refer to tubular
elements used in wellbores for strengthening and/or

20 sealing same.

To overcome the drawbeck of a nested casing scheme it
has already been proposed to use a casing scheme whereby
individual casings are radially expanded after
installation in the borehole.

25 WO 99/35368 discloses a method whereby casings of
predetermined length are installed and expanded in the
borehole. After installirg and expanding each casing, the
borehole is deepened further using a suitable drill

string, whereafter the drill string is removed from the
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borehole. A next casing is lowered through the expanded
previous casing section and subsequently expanded in the
newly drilled borehole portion, etcetera.

A drawback of this method, especially for relatively
deep boreholes is that the steps of lowering and expanding
casings have to be repeated many times, even if certain
borehole sections could have been drilled deeper without
setting casing. Moreover, for each subsequent casing, any
overlap portion with the previous casing section has to be
sealed. Furthermore, such repetition of setting and
expanding casing adds to the drilling time and potentially
affects the technical and economical feasibility of the
wellbore.

A further drawback of this method is that the amount of
shortening of the casing as a result of the expansion
process 1s generally unknown before expanding the casing
since frictional forces between the casing and the borehole
wall may vary significantly. For example, if an expander is
progressed upwardly through the casing to expand same, it is
generally unknown beforehand at which borehole depth the
upper end of the casing will be located after the expansion
process.

In view thereof, there is a need to provide an improved
method which overcomes the drawbacks of the known method.

In accordance with the invention there is provided a
method of creating a borehole in an earth formation, the
method comprising the steps of:

a) drilling a section of the borehole and lowering an
expandable tubular element into the borehole whereby a lower
portion of the tubular element extends into the drilled

borehole section;
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b) radially expanding said lower portion of the tubular
element so as to form a casing in the drilled borehole
section;

c) separating an upper portion of the tubular element from
said lower portion so as to allow the separated upper
portion to be moved relative to said lower portion; and

d) lowering said separated upper portion through the
expanded lower portion formed in preceding step (b).

It is thereby achieved that the borehole section can be
drilled to a depth at which circumstances dictate that
setting of a new casing is required. Such circumstances
could, for example, relate to swelling shale layers
encountered during drilling, the occurrence of drilling
fluid losses into the formation, or formation fluids
entering the borehole. The casing is set by expanding the
lower portion of the tubular element to form the casing. The
upper portion of the tubular element 1s separated from the
lower portion to allow removal of the upper portion. By
separating the upper portion from the lower portion it is
achieved that the length of the casing can be adapted to the
depth to which the borehole was actually drilled. Thus,
there is no longer a need to install casing sections of
predetermined lengths at predetermined positions in the
borehole.

Also it is achieved that the location where the upper
and lower tubular element portions are separated from each
other can be selected independently from the amount of
shortening of the tubular element resulting from the
expansion process.

Preferably step c¢) 1s carried out after step b).
However, alternatively step c¢) can be carried out before

step b).
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Also, by virtue of step d),
there is no need to retrieve the upper tubular element
portion from the borehole, so that "tripping time" is
thereby reduced. An additional advantage is that a smaller
drilling rig can be used since there is no need to store
individual joints of the retrieved upper tubular element
portion at the drill floor.

In an attractive embodiment of the method of the
invention, at least one of step a), steps a) and b), steps
a), b) and c¢), and steps a), b), c¢) and d) is repeated until
the desired borehole depth is reached, whereby:

- in each repeated step a) the borehole section is drilled
subsequent to the borehole section drilled in the preceding
step a), whereby the latter borehole section is defined to
be the previous borehole section;

- in each repeated step a) the tubular element to be lowered
is the upper portion of the tubular element resulting from
the preceding step c);

- in each repeated step b) the casing is formed subsequent
to the casing formed in the preceding step b), whereby the
latter casing is defined to be the previocus casing. In this
manner a borehole and casing scheme of substantially uniform
diameter can be achieved, as opposed to the "nested" casing
arrangement in conventionally drilled boreholes.

Advantageously, in each step a) the tubular element is
lowered into the drilled borehole section simultaneously
with drilling of the borehole section. It 1is thereby
achieved that the tubular element is at all times in the
drilled borehole section so that the drill string does not
have to be removed before the casing is lowered into the
borehole. Such removal takes time and increases the risk of

collapse of the open hole thereby causing an obstruction in
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the hole. Lowering of the casing may be hampered by such
obstruction, and it may be required to reinstall the drill
string to overcome the problem.

To create an overlapping casing arrangement, suitably
in each step c¢) said upper portion is separated from said
lower portion at a position where the tubular element
extends into the previous casing arranged in the borehole.
It is preferred that said previous casing has a lower end
part of enlarged inner diameter relative to the remainder of
the previous casing, and wherein said upper tubular element
portion is separated from said lower tubular element portion
at a position within said lower end part of the previous
casing.

Suitably, in each step <c¢) said wupper portion is
separated from said lower portion by cutting the tubular
element. Adequately the tubular element is cut at a location
where the tubular element 1is substantially unexpanded.
Alternatively, said upper portion is separated from said
lower portion by unscrewing a threaded connection of the
tubular element.

Suitably, in the last step d) said upper portion is
expanded against the previously installed casings. It is
thus achieved that two layers of tubular protect the flow
conduit from the formation.

In another aspect of the invention, there is provided a
drilling assembly for use in the method of the invention,
the drilling assembly being of a size allowing the assembly
to be moved through the tubular element when unexpanded, the
drilling assembly comprising a drill bit, a downhole motor
arranged to drive the drill bit, and movement means for
moving the drilling assembly through the tubular element,

wherein said movement means comprises a connection member
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for connecting a wireline extending from the surface through
the tubular element, to the drilling assembly, wherein the
drilling assembly further comprises anchoring means for
anchoring the drilling assembly in the tubular element such
that the drilling assembly at least partly extends below the
tubular element, wherein the anchoring means is adapted to
anchor the drilling assembly in an upper portion of the
tubular element after separating said upper portion from a
lower portion of the tubular element.

Embodiments of the invention will be described
hereinafter by way of example in more detail with reference
to the accompanying drawings, in which:

Fig. 1 schematically shows a drilling assembly used in
an embodiment of the method of the invention;

Fig. 2 schematically shows the drilling assembly of
Fig. 1 during a drilling stage;

Fig. 3 schematically shows the drilling assembly of
Fig. 1 after drilling of a borehole section;

Fig. 4 schematically shows the drilling assembly of
Fig. 1 Dbefore retrieval thereof to surface following
drilling cf the borehole section;

Fig. 5 schematically shows the drilling assembly of
Fig. 1 during retrieval thereof to surface following
drilling of the borehole section;

Fig. 6 schematically shows an expansion assembly used
in an embodiment of the method of the invention, during
lowering thereof into the borehole;

Fig. 7 schematically shows the expansion assembly of
Fig. 6 in a position before start of the expansion process;

Fig. 8 schematically shows the expansion assembly of

Fig. 6 during an initial stage of the expansion process;
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Fig. 9 schematically shows ths expansion assembly of
Fig. 6 during a subsequent stage of the expansion
process;

Fig. 10 schematically shows the expansion assembly of

5 Fig. 6 during cutting of the tubular element to separate

an upper portion Ltherecof;

Fig. 11 schematically shows the expansion assembly of
Fig. 6 during expansion of the upper end part of the
lower portion of the tubular elemeni;

10 Fig. 12 schematically shows the expansion assembly of
Fig. 6 during retrieval thereof through the separated
upper portion, to surface;

Fig. 13 schemetically shows the drilling assembly of
Fig. 1 before anchoring thereof to the separated upper

15 portion of the tubular element:

Fig. 14 schematically shows ths drilling assembly of
Fig. 1 after anchoring thereof to the separated upper
portion of the tubular element;

Fig. 15 schematically shows the drilling assembly of

20 Fig. 1 at the start of drilling a subsequent borehole
section;

Fig. 16 schematically shows the drilling assembly of
Fig. 1 during drilling of the subsequent borehole
section;

25 Fig. 17 schematically shows the drilling assembly of
Fig. 1 before retrieval thersof to surface following
drilling of the subsequent borehole section;

Fig. 18 schematically shows the drilling assembly of
7ig. 1 during retrieval thereof to surface following

30 drilling of the subsequent borehole section;

Fig. 19 schematically shows a borehole after drilling

of the borshole as shown in Figs, 1-18;

-10-
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Fig. 20 schematically shows a first possible
completion after drilling of the borehole as shown in
Figs. 1-18;

Fig. 21 schematiczlly shows a second possible

5 copletion of the borehole after drilling of the borehole
as shown in Figs. 1-18; and

Fig. 22 schematically shows a third possible
completion of the borehole after drilling of the borehole
as shown in Figs. 1-18.

10 In the Figures, like reference numbers relate to like
components.

Referring to Figs. 1-5 there is shown a borehole 1
formed in an earth formation 2 during various stages of
drilling of a section of the borehcle 1. A steel surface

15 casing 3 is fixedly arranced in an upper scction 4 of the
borehole 1, the surface casing 3 having a lower end
part 6 (hereinafter referred to as "the bell 6") of inner
diameter slightly smaller than D1 | 2%, wherein the
meaning of D1 and t are explained hereinafter. A steel

20 expandable tubular element & of outer diameter smaller
than the inner diameter of said remaining part of the
casing 3, cxrtends into the surface casing 3.

A drilling assembly 10 is arranged in the tubular

element 8 at the lower end thereof such that part of the
25 drilling assembly 10 extends belew the tubular element 8.
The drilling assembly 10 includes successively in
downward direction:
- a radially expandable top packer 12 for sealing the
drilling assembly 10 relative to the casing 3,
30 - & MWD/LWD (measurement while drilling/logging while
drilling)} package 14,
- a hydraulic motor 16 operable by drilling fluid,

11-
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-~ a radially expandable anchor 18 for anchoring the
drilling assembly 10 in the tubular element 8,
- a casing locator 20 for detecting the lower end of
the tubular element 8,
5 - a steering device 22 for steering the drilling
assambly 10 in the borehole 1,
- & logging sensor unit 24 for logging while drilling,
- a radially expandable underreamer drill bit 26
arranged to be driven by the motor 16, and suitable to
10 drill the borehole 1 to a diameter larger than the cuter
diameter of the tubular elercnt 8 aZter expansion
thereof, and
~ a pilot drill bit 28 arranged to be driven by the
motor 16. The order of the various assembly elements can
15 be different from ths order described above.
At the stages of Figs. 4 and 5 a wireline 32 extends
from a winch 34 at surface through the tubular =lement 8,
the wireline 32 being at the lower and thereof provided
with a connection member 35. The upper end of the
z0 drilling assembly 10 is provided with a corresponding
connection member (not shown) into which the connection
member 35 of the wireline can be latched so as to connect
the wireline 32 to the drilling assembly 10. The
wvireline 32 is provided with an electric conductor (not
25 shown) connected to an electric power source (not shown)
at surface. The top packer 12 and the anchor 18 are
operable by electric power provided through the electric
conductor when the wireline 32 is connected to the
drilling assembly 10. Referring to Figs. 6-12 there is
30 shown the borehole 1 during various stages of forming a
casing in the borehole. An expansicn assembly 36 extends
into tubular element 8 and is suspended cn the

wireline 32 (or a similar wireline) by connection

-12-
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member 35 latched into a ccnnection member (not shown) of
the expansion assembly 36. The expansion assembly 36
includes successively in dewnward direction:
=~ @& cutter 38 for cutting the tubular element 8§,

5 - an electric motor 40,
- a fluid pump 42 arranged to be driven by Lhe electric
motor 40,
- a casing locator 44 for detecting the lower end of
the tubular element 6,

10 - an upper conical expander 46 operable between a
radlally expanded mode in which expander 46 has a first
outer diameter D1 larger than the inner diameter of the
tubular element 8 when unexpanded, and a radially
retracted mode in which expander 46 is of outer diameter

15 smaller than the inner diameter cf the tubular element 8
when uncxpanded, whereby the expander 46 is provided with
a2 primary hydraulic drive system (not shown) for
actualion cf the expander 46 betweer said modes, the
primary hydraulic drive system beinc arranged to be

20 selectively driven by fluid pump 42,

- a lower conical expander 48 cperable between a
radially expanded mode in which expznder 48 has a second
outer diameter D2 larger than said first outer

diameter D1, and a radially retracted mode in which

25 expander 4f is of outer diameter smaller than the inner
diameter of the tubular element & when unexpanded,
whereby the expander 48 is provided with a secondary
hydraulic drive system (not shown) for actuation of the
expander 48 between said modes, the secondary hydraulic

30 drive system being arranged to be selectively driven by

fluid pump 42.

13-
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The cutter 38 and the electric motor 49 are operable
by electric power provided through Lhe electric conductor
in the wireline 32.

The order of the various assembly elements can be

5 different from the order described above.

The diameters D1 and D2 are selected such that D2 is
slightly smaller than DI + 2*t wherein t denotes the wail
thickness of tubular element 8.

At the stages shown in Figs. 11 and 12 the tubular

10 element is separated into an upper tubular clement
portion 50 and a lower tubular elemen= portion 52.

Referring to Figs. 13-18 there is shown the
borehole 1 during various stages of drilling of a
subsequent section of the borehole 1.

15 During normal operatior the drilling assembly 10 is
inserted into the tubular element 8 at the lower end
thereof, whereby the underreamer drill bit 26 and the
pilot drill bit protrude beleow the tubular element 8. The
anchor 18 is brought into the expanded state therzof so

20 that the drilling assembly 10 becomes firmly anchored in
the tubular element 8§, and Lhe top packer 12 is brought
in the expanded state thereof so that the drilling
assembly 10 becomes sealed relative the tubular
elsment 8. The tubular element € with the drilling

25 assembly 10 anchored thersto is then lowered (in
direction of arrow 53) into the initial upper borehole
section 4, through surface casing 3 (Fig. 1)

Lowering of the combined tubular element 8 and
drilling assembly 10 proceeds until the pilot drill

30 bit 28 reaches Lthe borehole bottom, whereafter the
underreamer drill bit 26 is expanced. Drilling of a
section la of the borehole 1 below the initial upper

section 4 is then started by pumping a stream of drilling

-14-
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fluid 54 from & pump (not shown) at surface through the
tubular element 8 to the drilling assembly 10 so that the
hydraulic motor 1€ is thersby operated to rotate the
pilot drill bit 28 and the underreamer drill bit 26. As a
5 result the borehole section la s drilled, whereby the
rock cuttings are transported to surface by the return
flow of stream flewing upwardly between the tubular
element 8 and the surface casing 3 (Fig. 2).
Drilling of the borehole section la proceeds until it
1n is required to case the newly drilled borehole
section la. Such requirement can relate to circumstances
dictating setting of casing, such circumstances for
example being the occurrence drilling fluid losses into
the formation or the occurrence of swelling shale
15 encountered during drilling. A lower end part of borehole
section la is drilled to an enlarged diameter by further
expanding the underrsamer drill bit 26. Pumping of
drilling fluid is then stopped to stop drilling, and the
underreamer drill bit 26 is retracted to the retracted
20 position thereof [Fig. 3).
Next the wireline 32 is lowered (in direction of
arrow 56) by winch 34 until the connection member 35
latches into the conunectlion member of the drilling
assembly 10 (Fig. 4), and the anchor 18 and the top
25 packer 12 are retracted to their respective radially
retracted positions.
Subsequently the drilling assembly 10 is retrieved
{in direction of arrow 57) through the tubular element 8
to surface by operation of the winch 34 (Fig. 5), and the
30 wireline 32 is disconnected from the drilling assembly 10
at surface.
The wireline 32 (or another similar wireline) is then

connected to the expansion assembly 36 by latching

-15-
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connection member 35 into the cornecticn recess of the
expansion assembly 36. The upper and lover expanders 46,
48 are brought to their respective radially retracted
modes, and then the expansion assembly 36 is lowered {in

5 direction of arrow 58) through the tubular element 8
(Fig. €).

Lowering of the expansion assembly 36 1s stopped when
the expansion assembly 36 is at a position at the lower
end of the tubular elsment 8, whereby the expanders 46,

10 . 48 extend below the tubular element 8 (Fig. 7).

The electric motor 40 is then operated ky electric
power provided through the electric conductor in
wireline 32 so as to drive the fluid pump 42. Initlally
both the primary and the secondary hydraulic drive

15 systems are selected to be driven by the pump 42 so Lthat,
as a result, said hydraulic drive systems induce the
respective expanders 46, 48 to move between their
respective expanded and retracted modes in alternating
fashion. Simultaneously a moderate tensional force is

20 applied to the wireline 32 so that, during each cycle
that both expanders 46, 48 are in their respective
retracted modes, the expansion assambly 36 progresses
incremenzally through the tubular element 8 (in direction
of arrow 59). Further, the expander 46 expands the

25 tubular element 8 to innmer diameter D1 and the
expander 48 expands the tubular element 8 te inner
diameter D2 during each cycle that the expanders 46, 48
move from their respective radially retracted mode to
their radially expanded mode (Fig. 8).

30 The secondary hydraulic drive system is turned off as
soon as a selected langth of tubular element 8 has been
expanded to inner diameter DZ, so that the lower

expander 48 remains in the retracted mode and the

-16-
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expansion prccess proceeds by operation of upper
expander 46 operating only. As a result, a lower end
part 50 (hereinafter referred to as "the bell 60") of
tubular element 8§ is expanded to inner diameter D2 and
5 the remainder of tubular eiement 3 :s expanded to inner
diameter D1 (Fig. 3). As will be described hereinafter,
the function of the bell 60 is to provide overlap with a
tubular element portion deepcr in the borehcle. Thus the
length of the bell 60 is to be selected with requirements
10 relating to such overlap, for example relating to sealing
requirements for overlapping tubular element porticns.
The expansion process is stopped when thc cutter 28
becomes positioned near the upper end of the hell 6 of
surface casing 3. In a next step, the cutter 38 is
15 operated to cut the tubular element 8 so as to separate
the tubular slement 8 intc an upper portion 64 and a
lower portion 66 [Fig. 10).
Since the cutter 38 is arranged upwardly from the
expander 46, the lower tubular element portion 66 has an
20 unexpanded upper end part 68. After cutting tubular
element 8 is finalised, operation of the upper
expander 46 is resumed so as to expand the remaining
unexzpanded upper portion 68. Since the bell 6 of surface
casing 3 has an inner diameter slightly smaller than
25 Dl + 2*t, the upper end part 68 of tubular element 8 will
be expanded tightly against the bell 6 so as to form a
metal-to-metal scal. Optionally an annular seal element
(not shown) can be arranged between tubular element 8§ and
bell 6 to provide acditional sealing functicnality. Such
30 seal element can be made, for example, of elastomeric
material or ductile metal ({Fig. 11)
When expansion of lower tubular element portion 66 is

complete the upper expander 46 is brought to the radially

17-




WO 2004/097168 PCT/EP2004/050544

- 15 ~

retracted mode therecf, and the expansion assembly 36 is
retrieved to surface (in direction of axrow 70) by means
of wireline 32 and winch 34 (Fig. 12).
In a next step the drilling assembly 10 {or similar
5 drilling assembly) is lowered on wirelime 32 (or similar
wireline) threugh the upper portion 64 of tubular
element 8, whereby the top packer 12, the anchor 8 and
the underreamer drill bit 26 are in their respective
radially retracted positions. Lowering is stopped when
10 the underreamer drill bit 25 and the pilot drill bit 28
protrude below the lower end of tubular element
portion 64 (Fig. 13). In this position of the drilling
assembly 10, the top packer 12 and the anchor 18 are
expanded to their respective radially expanded states so
15 that the drilling assembly 10 hecomes anchored and sealed
to the tubular element portion 64. The connection
member 35 is tnen unlatched from the drilling assembly 36
by activating an glectric release (not shown) and Lhe
wirelina 32 is retrisved to surface (in direction of
20 arrow 72) (Fig. 14).

Subsequently, the tubular element portion 64 with the
drilling assembly anchored thereto is lowered (in
direction of arrow 74) through the expanded tubular
slement portion 66 until the pilot drill bit 28 reaches

25 the borehole bottom (Fig. 15). The underreamer drill
kit 26 is expanded, and drilling of a subsequent bcrehole
section 1b belew borehole secticn la is then started by
pumping a stream of drilling fluid 76 through the tubular
element portion 64 to the drilling assembly 10 so that

30 the hydraulic motor 16 is operated to rotate the pilot
drill bit 28 and the underreamer drill bit 26. As a
resull, the borehole section lb is drilled, whereby the

rock cuttings are transported to surface by the return

18-
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flow of stream 54 flowing upwardly between the tubular

element portion 64 and the expanded tubular element

portion 66 (Fig. 16).

Drilling of the borehols section lb proceeds until it

5 is reguired to case the newly drilled borehole

section 1b, for example due to the occurrence of drilling

fluid losses into the formation or swelling shale.

pumping of drilling fluid is then stopped to stop

drilling, and the underreamer drill bit 26 is retracted
10 to the retracted position thereof (Fig. 17).

Next the wireline 32 is lowered by winch 34 until the
connection member 35 latches into the connection recass
of the drilling assembly 10, whereafter the anchor 18 and
the top packer 12 are relracLed to their respective

15 radially retracted states.

Subsequently the drilling assembly 10 is retrieved to
surface (in direction of arrow 76) through the tubular
element por:zion 64 by operation of the winch 34
(Fig. 18). The procedure described above is then

20 repeated, starting from the step cf lovering the
expansion assembly 36 through the tubular element
portion 64, until the des:ired borehole depth is reached.

In repeating the above described steps, for ease of
reference each borehole section drilled is defined as a

25 section of the borehole sukbsequent to the borehole
ssetion drilled in the preceding drilling step, and the
tubular element is defined to be the upper portion of the
Lubular element as separated in the preceding step of
cutting the tubular element.

30 The final boreho.e section is drilled into a
hydrocarbon f£luid reservoir zone of the earth formation,
which concludes the drilling phase. At this stage, the

tubular element portion 64 can be retrieved from the
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borehole to allow installing of a conventional completion
{not shown) [Tig. 19).
The borehole can be completed in various alternative

ways, whereby the casing 64 is not retrieved from the

5 borehole, for example:
- as a "bare foot" completion whereby nc bell is needec
in the lowest expanded tubular element portion, and
whereby a final upper tubular elemert portion 80 is
lowered through a final expanded _ower tubular element

10 portion 82, whereby the upper tubular element portion 80
is left in the borekole in unexpanded state to form a
production string for the production of hydrocarbon
fluid, and whereby an expandable production packer 84 is
lowered through the tubular element 80 on wireline, and

15 set a:z the bottom end thereof to scal off the annulus
between said tubular element 80 and tubular element
portion 82.
- as a “"perforated casing™ completion whercby no bell
is needed in the lowest expanded tubular element portion,

20 and whereby a final upper tubular element portion 84 is
lowered through a final expanded lower tubular element
portion 86, which upper tubular element portion 84 is
expanded throughout its length against the previously
installed expanded tubular element portions to form a

25 “clad” production string for the production of
hydrccarbon fluid. The lower end part of the final upper
tubular element portion 84 is provided with
perforations 88 in conventional manner (Fig. 21):
-  as a "sandscreen" completion whereby the upper

30 tubular element 92 is expanded against the previously
installed expanded tubular element portions, a ball 90 is
formed in the lowest expanded tubular element portion 92,

and whereby a sandscreen is 94 is arranged below the
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Lubular element portion 92. The sandscreen 94 suitably is
radially expanded after installation in the borehole
(Fig. 22).
In the above description the surface casing and the
5 tubular element are made of steel, however any othex
suitable material cen be applied For these components.
The upper section of the borehole can be drilled and
provided with surface casing in a conventional manner.
Rlternatively the upper bourehole section can be drilled
10 and provided with surface casing in the same manner as
described above with reference to the subsequent borehole
sections.
Instead of applying the drilling assembly and the
expansion assembly, suitably a single assembly having the
15 functicnalities of both the drilling assembly and the
expansion assembly as described above, can be applied.
Instead of applying a hydraulic motor in the drilling
assembly, any other suitable motor for driving the
underreamer drill bit and pilot drill bit can be applied,
20 for example an electric mctor. Alternatively the drill
bit can be rotated by rotation of the tubular element.
Vertical hole sections can be drilled wilhout a
steering device in the drilling assembly.
Instead of applying an electric motor in the
25 expansion assembly, any other suitable motor for driving
the expander(s} can be applied, for example a hydraulic
mozor. In such application a conduit for supplying
hydraulic power is suitably provided, for example a
coiled tubing.
30 Instead of applying the expanders 46 and 48, suitably
a single expander with two extended positions (D1 and D2)

can be applied.
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Furthermore, instead of expanding the tubular element
using the expansion assembly, which alternatingly moves
between a radially rastracted mode and a radially expanded
mode, a conventional expander cone can be pumped or

5 pulled through the tubular element to expand same.

Preferably such expander cone, or the expander (s)
referred to above, is collapsible to allow it to pass
through the unexpanded tubular element.

Sealing bctweer the expanded tubular element portions

10 and the borehole wzll can be achieved by expanding the
tubular elemenl portions against the borehole wall. This
can be done along the whole length of the borehole, or
along selected borehole sections to achieve zonal
isolation. Suitably, rubber elements are pre-installed on

15 the outer diameter of the tubular element to assist
sealing in hard formations. Such rubber elements can be
swelleable slements. Rlternatively, cement can pumped
between the expanded tubular elemen- portions and the
borehole wall to achieve sealing.

20 The expandable tubular element is suitably formed
from a plurality of tubular element sections
interconnected by welding.

Alternatively the tubular element can be formed of
sections interconnected by threaded connections. In such

25 case the upper and lower tubular element pertions are
suitably separated from each other by unscrewing a
selected said threaded connection, for exarple using a
break-out device for unscrewing the selected threaded
connection. Preferably such break-out device is provided

30 at the expansion assembly whereby the break-out device
replaces ths cutter referred ta akove.

Preferably the fluid pressure in the borehole is

controlled using a sealing means around the tubulaz
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element at surface, and a pressure control system for
controlling the fluid pressure.

Throughout this specification and the claims which
follow, unless the context requires otherwise, the word
"comprise", and variations such as "comprises"  and
"comprising"”, will be understood to imply the inclusion of a
stated integer or step or group of integers or steps but not
the exclusion of any other integer or step or group of
integers or steps.

The reference in this specification to any prior
publication (or information derived from it), or to any
matter which is known, is not, and should not be taken as an
acknowledgment or admission or any form of suggestion that
that prior publication (or information derived from it) or
known matter forms part of the common general knowledge in

the field of endeavour to which this specification relates.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A method of creating a borehole in an earth formation,
the method comprising the steps of:

a) drilling a section of the borehole and lowering an
expandable tubular element into the borehcle whereby a lower
portion of the tubular element extends into the drilled
borehole section;

b) radially expanding said lower portion of the tubular
element so as to form a casing in the drilled borehole
section;

c) separating an upper portion of the tubular element from
said lower portion so as to allow the separated upper
portion to be moved relative to said lower portion; and

d) lowering said separated upper portion through the
expanded lower portion formed in preceding step (b).

2. The method of claim 1, further comprising repeating at
least one of step a), steps a) and b), steps a), b) and cj,
and steps a), b), ¢) and d) until the desired borehole depth
is reached, whereby:

- in each repeated step a) the borehole section is
drilled subsequent to the borehole section drilled in the
preceding step a), whereby the latter borehole section is
defined to be the previous borehole section;

- in each repeated step a) the tubular element to be
lowered is the wupper portion of the tubular element
resulting from the preceding step c);

- in each repeated step b) the casing 1is formed
subsequent to the casing formed in the preceding step b),
whereby the latter casing is defined to be the previous

casing.
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3. The method of claims 1 or 2, wherein in each step a)
the tubular element is lowered into the drilled borehole
section simultaneously with drilling o¢f the borehole
section.

4, The method of any one of claims 1-3, wherein in each
step ¢) said upper portion is separated from said lower
portion at a position where the tubular element extends into
the previous casing arranged in the borehole.

5. The method of claim 4, whereby said previous casing has
a lower end part of enlarged inner diameter compared to the
remainder of the previous casing, and wherein said upper
tubular element portion is separated from said lower tubular
element portion at a position where the tubular element
extends into said lower end part of the previous casing.

6. The method of any one of claims 1-5, wherein said upper
portion is separated from said lower portion at a location
where the tubular element is substantially unexpanded.

7. The method of any one of claims 1-6, whereby each
borehole section is drilled using a drilling assembly which
is axially movable through the tubular element, and wherein
before at least each repeated step a) the drilling assembly
is moved downwardly through the tubular element to a
position whereby the drilling assembly at least partly
extends below the tubular element.

8. The method of claim 7, whereby in said position the
drilling assembly is releasably connected to the tubular
element, and wherein after drilling the borehole section,
the drilling assembly is released from the tubular element
and moved upwardly through the tubular element to the
surface.

9. The method of c¢laim 7 or 8, wherein the drilling

assembly is moved through the tubular element by means of a
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wireline extending from the surface through the tubular
element, to the drilling assembly.

10. The method of any one of claims 1-9, wherein in each
step ¢) said upper portion is separated from said lower
portion by cutting the tubular element, or by unscrewing a
threaded connection of the tubular element.

11. The method of any one of claims 1-10, wherein each step
b) comprises arranging an expansion assembly in said lower
portion of the tubular element, and operating the expansion
assembly s0 as to expand said lower portion.

12. The method of claim 11, whereby the expansion assembly
is operable between a radially expanded mode and a radially
retracted mode in which the expansion assembly is movable
through the tubular element, and wherein the expansion
assembly is arranged in said lower portion of the tubular
element by moving the expansion assembly downwardly through
the tubular element whereby the expansion assembly is in the
retracted mode.

13. The method of claim 12, wherein the expansion assembly
is arranged to expand the tubular element upon movement of
the expansion assembly from the radially retracted mode to
the radially expanded mode thereof, wherein the method
comprises alternatingly moving the expansion assembly
between the radially retracted mode and the radially
expanded mode, and wherein the expansion assembly 1is
progressed through the tubular element during periods of
time that the expansion assembly is in the retracted mode.
14. The method of claim 12 or 13, wherein the expansion
assembly is progressed through the tubular element by means
of a wireline, a tubular string, or a coiled tubing
extending from surface through the tubular element, to the

expansion assembly.
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15. The method of any one of claims 11-14, wherein the
expansion assembly 1s operable to selectively expand the
tubular element to a first inner diameter and to a second
inner diameter larger than the first inner diameter, and
wherein the expansion assembly is operated to expand a lower
end part of said lower portion of the tubular element to the
second inner diameter and to expand the remainder of said
lower portion to the first inner diameter.

16. The method of any one of claims 11-15 when claim 11 is
dependent from claim 10, wherein the expansion assembly is
provided with a cutter for cutting the tubular element or a
break-out device for unscrewing a threaded connector of the
tubular assembly, and wherein each step c¢) comprises, after
expanding said lower ©portion of the tubular element
operating the «cutter to cut the tubular element, or
operating the break-out device to unscrew a selected
threaded connection of the tubular element, so as to
separate said upper portion of the tubular element from said
lower portion thereof.

17. The method of claim 16, wherein the cutter or the
break-out device is axially spaced upwardly from an expander
of the expansion assembly, whereby said lower portion of the
tubular element has a substantially unexpanded upper end
part, and wherein the cutter is operated to cut the tubular
element at sald substantially unexpanded upper end part.

18. The method of <claim 17, further comprising after
cutting the tubular element, or unscrewing the selected
threaded connection of the tubular element, further
operating the expansion assembly so as to expand said upper
end part of the lower portion of the tubular element.

19. A drilling assembly for use in the method of any one of

claims 1-18, the drilling assembly being of a size allowing
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the assembly to be moved through the tubular element when
unexpanded, the drilling assembly comprising a drill bit, a
downhole motor arranged to drive the drill bit, and movement
means for moving the drilling assembly through the tubular
element, wherein said movement means comprises a connection
member for connecting a wireline extending from the surface
through the tubular element, to the drilling assembly,
wherein the drilling assembly further comprises anchoring
means for anchoring the drilling assembly in the tubular
element such that the drilling assembly at least partly
extends below the tubular element, wherein the anchoring
means is adapted to anchor the drilling assembly in an upper
portion of the tubular element after separating said upper
portion from a lower portion of the tubular element.

20. The drilling assembly of claim 19, wherein the drilling
assembly is located in the tubular element, and wherein a
wireline extending from the surface through the tubular
element is connected to said connection member.

21. The drilling assembly of claim 19, wherein the
anchoring means is radially retractable so as to release the
drilling assembly from the tubular element upon radial
retraction of the anchoring means.

22. The method substantially as described hereinbefore with
reference to the accompanying drawings.

23. The drilling assembly substantially as described

hereinbefore with reference to the accompanying drawings.
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