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(57) Abréegée/Abstract:

A method of drilling a second wellbore section (12) from a first wellbore section (10) that is lined with a tubular liner (11) using a
remotely controlled electrically powered drilling assembly that is suspended from a cable (1) and of periodically interrupting the
drilling operation to extend the tubular liner into the second wellbore section without having to pull the assembly from the wellbore.
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(57) Abrege(suite)/Abstract(continued):

The drilling assembly comprises an expansion means (2), a traction means (3), and an electrically actuated drill bit (6). An
expandable liner pipe (19) Is Introduced into the wellbore by disconnecting a cable connection means (15) at the surface to
separate the upper (13) and lower (14) lengths of cable, arranging the expandable liner pipe (19) concentrically about the upper
(13) or lower (14) length of cable, reconnecting the cable connection means (15) to rejoin the upper (13) and lower (14) lengths of
cable and running the expandable liner pipe (19) into the wellbore supported on a cable traction means (20) that iIs moveable along
the cable.
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(57) Abstract: A method of drilling a second
wellbore section (12) from a first wellbore
section (10) that is lined with a tubular liner (11)
using a remotely controlled electrically powered
drilling assembly that is suspended from a cable
(1) and of periodically interrupting the drilling
operation to extend the tubular liner into the
second wellbore section without having to pull
the assembly from the wellbore. The drilling
assembly comprises an expansion means (2), a
traction means (3), and an electrically actuated
drill bit (6). An expandable liner pipe (19) is
introduced into the wellbore by disconnecting
a cable connection means (15) at the surface to
separate the upper (13) and lower (14) lengths
of cable, arranging the expandable liner pipe
(19) concentrically about the upper (13) or
lower (14) length of cable, reconnecting the
cable connection means (15) to rejoin the upper
(13) and lower (14) lengths of cable and running
the expandable liner pipe (19) into the wellbore
supported on a cable traction means (20) that
is moveable along the cable.
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Method forx drilling and lining a wellbore

The present invention relates to drilling a wellbore and to lining the wellbore

without having to remove the drilling assembly from the wellbore. More particularly,

the invention relates to a system of drilling a wellbore and of completing the well

thrdugh the expansion of tubulars. More particularly still, the invention relates to the
drilling of a wellbore and of lining-the wellbore by expansion of one tubular into
another to provide a sealed connection therebetween without having to pull the drilling
assembly from the wellbore.

Wellbores are typically formed by drilling and thereafter linéng a borehole with

steel pipe called casing. The casing provides support to the wellbore and facilitates the

isolation of certain sections of the wellbore adjacent hydrocarbon bearing formations.
The casing typically extends down the wellbore from the surface of the well and the
annulus between the outside of the casing and the borehole wall 1s filled with cement to
permanently set the casing in the wellbore.

As the wellbore is drilled to a new depth, additional strings of pipe are run into
the well to that depth whereby the upper portion of the string of pipe (hereinafter
referred to as “liner”), is overlapping the lower portion of the casing. The liner is then
fixed or hung in the Wellbore, usually by some mechanical slip means well known 1n the
art.

Emerging technology permits wellbore tubulars to be expaﬁded in situ. In
addition to simply enlarging a tubular, the technology permits the physical attachment
of a smaller tubular to a larger tubular by increasing the outer diameter of a smaller

tubular by means of a radial force applied from within the smaller tubular. The
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expansion can be accompli;hed by a mandrel or a cone-shaped member urged through
the tubular that is to be expanded or by any other known expander tool.

By utilizing an expander tool, the upper end of a liner can be expanded into the
surrounding casing. In this manner, the conventional slip assembly and its related
setting tools are eliminated. In one example, the liner 1s run mto the wellbore on a run-
in string with the expander tool disposed in the liner and connected thereto by a .
temporary connection. As the assembly reaches a predetermined depth whereby the top
of the liner i adjacent a lower section of the casing, the expander tool 1s actuated and
then, through rotational and/or axial ' movement of the actuated expander tool within the
liner, the liner wall is expanded past its elastic limits and into contact with the wall of
the casing. Rotation of the expander tool is performed by rotating the run-in string or
by utilizing a mud motor in the run-in string to transfer hydraulic power to rotational
movement.

The present invention relates to a method of drilling a second wellbore section
from a first wellbore section that is lined with a tubular liner using a remotely controlled
electrically powered drilling assembly that is suspended from a cable and of periodically
interrupting the drilling operation to extend the tubular liner into the second wellbore
section without having to pull the assembly from the wellbore.

Thus, according to the present invention there is provided a method of drilling a
second wellbore section from a first wellbore section that is lined with a tubular liner
and of extending the tubular liner into the second wellbore section, the method
comprising:

(a) drilling the second wellbore section from the first wellbore section using a
remotely controlled electrically powered drilling assembly that is suspended
from a cable that extends from the surface wherein the cable comprises an upper
and a lower length of cable connected by a cable connection means and the
drilling assembly comprises an expansion meaﬁs, a tractién means, and an
electrically actuated drill bit and wherein electricity 1s transmatted to the
assembly via at least one electrical wire and/or segmented electrical conductor
that extends from the surface to the assembly;

(b) introducing an expandable liner pipe into the wellbore by disconnecting the

cable connection means at the surface to separate the upper and lower lengths of
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cable, arranging the expandable liner pipe concentrically about the upper or

lower length of cable, reconnecting the cable c;)nnection means to rejoin the

upper and lower lengths of cable and running the expandable liner pipe into the
wellbore supported on a traction means that is moveable along the cable

(hereinafter “cable traction means™); and

(c) actuating the expansion means of the assembly to expénd the upper portion of

the expandable liner pipe into the lower portion of the tubular liner to form a

sealed connection therebetween and to expand the lower portion of the

expandable liner pipe to extend the tubular liner; and
(d) optionally repeated steps (a) to (c)..

- Although the method of the present invention is described in relation to a
substantially vertical wellbore, it will be apparent to the person skilled 1n the art that the
method of the present invention may also be used to drill and to line a side-track
wellbore or a lateral wellbore that is drilled from an existing wellbore. By “side-track
wellbore” is meant a branch of an existing wellbore where the existing wellbore no
longer produces hydrocarbon fluid. Thus, the existing wellbore 1s sealed below the
selected location from which the side-track wellbore is to be drilled, for example, with
cement. By “lateral wellbore” is meant a branch of an existing wellbore where the
existing wellbore continues to produce hydrocarbon fluid. The side-track or lateral well
may be drilled at any angle from the existing wellbore. Even in such wells, the
wellbore is generally drilled to increasing depth and the terms “upper” and “lower™ or
“above” and “below’ should be understood in this context. Similarly, a person skilled
in the art would understand that although it would be preferable for the expandable liner
pipe and cable to have the same axis, the term “conéentric” is not used this strict
mathematical sense and a degree of eccentricity can be tolerated or even desired.

An advantage of the method of the present invention 1s that the cable traction
means may be used to deliver expandable liner pipe to the second wellbore section
without having to pull the assembly from the wellbore. A further advantage of the
present invention is that the rock pore pressure is controlled by sealing the wellbore
wall with the expandable liner pipe thereby allowing a simiple single density mud to be
employed during the drilling operation. Suitably, the pressure of the simple single

density mud may be increased as the second wellbore section 1s drilled to greater depth
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by pressurising the mud at the surface. Yet a further advantage of the process of the
present invention 18 the potential reduction in the non-production drilling time (NPT) by
reducing or at least mitigating wellbore stability problems (including loss circulation
and stuck pipe) associated with prior art drilling and lining operations.

Where the second wellbore section 1s a continuation of a first wellbore section,
which is the initial section of the wellbore, the tubular liner may be a conductor, i.e. a
short string of large diameter pipe that is used to keep the upper part of a wellbore open
or a casing, 1.e. a string of pipe, in particular, steel pipe, that is run from the surface mto
the wellbore. Generally, a conductor 1s drilled or pushed into a wellbore to a depth of
100 to 1000 feet (30.5 to 305 m). It 1s envisaged that a conductor may be dnlled or
pushed to the bottom of the first wellbore section. Alternatively, a conductor may be ..
pushed into the upper part of the first wellbore section and a casing may then be run
from the surface to the bottom of the first wellbore section. Drilling of the second
wellbore section is then commenced using the drilling assembly suspended from the
cable. Drilling of the second wellbore section is then interrupted and the cable
connection means is disconnected to disconnect the upper and lower lengths of cable. A
first expandable liner pipe is then arranged concentrically about the upper or lower
length of cable, preferably the latter, the upper and lower lengths of cable are
reconnected and the first expandable liner pipe 1s run into the wellbore along the cable
supported on the cable traction means. The upper portion of this first expandable liner
pipe is then expanded into the tubular liner of the first wellbore section to form a sealed
connection therebetween. In particular, the upper portion of the first expandable liner
pipe may be expanded into either the lower portion of a conductor or into the lower
portion of a casing that has been run into the first wellbore section through a conductor.
The lower portion of the first expandable liner pipe is also expanded to extend the
tubular liner into the second section of wellbore. Drilling of the second wellbore
section is recommenced and is then interrupted to run a further expandable liner pipe
into the wellbore along the cable supported on the cable traction means in a similar
manner to the first expandable liner pipe. The upper portion of this further expandable
liner pipe is expanded into the lower portion of the tubular liner to form a sealed
connection therebetween while the lower portion of the further expandable liner pipe is

expanded to further extend the tubular liner into the second wellbore section. This
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procedure may be repeated as desired until the drilling of the second wellbore section
has been completed and the tubular liner extends to at or near the bottom of the second
wellbore section.

The assembly that is lowered into the wellbore suspended from the cable must
have a maximum external diameter that is less than the internal diameter, d;, of the
tubular liner of the first wellbore section thereby allowing the drilling assembly to pass
through the tubular liner to the bottom of the first wellbore section. Preferably, the
tubular liner of the first wellbore section has an inner diameter, d;, of 5 to 10 inches (13
to 25 cm). Preferably, the maximum outer diameter of the drilling assembly is at least
0.5 inches (1.3 cm), more preferably, at least 1 inch (2.5 cm) less than the inner
diameter of the casing. It is therefore envisaged that the assembly may drill a second
section of wellbore having a diameter, d,, less than the internal diameter, d;, ot the
tubular liner of the first wellbore section such that the tubular liner of the second
wellbore section is of reduced internal diameter compared with the tubular liner of first
wellbore section. Howev‘er, it 1s desirable for the tubular liner of the wellbore to have a
substantially uniform internal diameter along the entire length thereot (hereinaiter
“monobore well”). Thus, in a preferred aspect of the present invention, the drill bit of
the apparatus is provided with a “hole-opener”. By “hole-opener” 1s meant a device
used to enlarge the size of a borehole, having cutting surfaces, for example, teeth,
arranged on its outside circumference to cut the formation as it rotates. Thus, the hole-
opener may be used to increase the diameter of the second wellbore section. Suitably,
the hole-opener may enlarge the second wellbore section during drilling of the second
wellbore section, i.e. as the hole-opener 1s moved downwardly through the wellbore.
Alternatively, the hole-opener may be actuated to enlarge the second wellbore section
by interrupting the drilling step and moving the assembly upwardly through the open
hole. Suitable hole-openers include conventional under reamers and eccentric drill bits.
Preferably, an under reamer is located above the drill bit of the assembly, preterably,
immediately above the drill bit. Suitably, the under reamer has radially extendible
cutting surfaces that may be extended into contact with the wellbore wall to ream the
wellbore. ° :

It is envisaged that the diameter of the second wellbore section may be enlarged

to substantially the same diameter, ds, as the first wellbore section (where d; 1s the
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diameter of the first wellbore section prior to it being lined with the tubular liner).
Preferably, the tubular liner of the first wellbore section may be an expandable liner that
is expanded against the wall of the first wellbore section using a conventional expansion
tool. Likewise, the expandable liner pipe and sealed connections between the liner pipe
and the tubular Iiner may be éxpanded against the wellbore wall. As the sealed
connections between the liner pipes are formed by expanding an upper ‘portion of liner
pipe into the lower portion of the tubular liner, these connections are of double
thickness. Accordingly, the internal diameter of the tubular liner is reduced at the
connections. It 1s also envisaéed that the tubular liner of the first wellbore section may
be cemented into place in the wellbore with the thickness of the cement corresponding
to the increased thickness of the sealed connections. Suitably, cement 1s omitted from
the lower portion of the first wellbore section, for example, the bottom 0.5 to 20 feet
(0.15 to 6 m) to allow for accommodation of the first sealed connection. For example,
the lower portion of the first wellbore section may be provided with a crushable spacer,
for example a spacer formed of expandable polystyrene. Accordingly, the sealed
connections may be expanded against the wall of the second wellbore section with the
portions of the liner pipe between the sealed connections being expanded to the same
internal diameter as the sealed connections resulting in a true monobore well. As will
be evident to the person skilled in the art, there will be an annular gap between the
wellbore wall and the portions of liner pipe between the sealed connections. This
annular gap may be filled by pumping a cement into the wellbore 1n a conventional
manner prior to expanding the liner pipe. Thus, the cement tlows thi‘ough the mterior of
the liner pipe and into the annular gap between the liner pipe and the wall of the
wellbore. The liner pipe 1s then expanded from the bottom upwards thereby applying
pressure to the cement that is present in the annular gap and forcing excess cement o
flow upwardly through the annular gap and out from the top of the liner pipe into the
wellbore. Once the cement has set, a pressure seal 1s formed between the expanded
liner pipe and the cement.

Alternatively, the second wellbore section may be reamed such tﬁat its diameter
in the intervals where i1s 1ts desired to for;'n the sealed connections (d4) 1s greater than

the diameter in the intervals between the sealed connections (d3) wherein the difference

between the diameters ds-ds 1s sufﬁcient to accommodate the increased thickness of the
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sealed connections and wherein ds is as defined above. Preferably, the lower portion,
for example, the bottom 0.5 to 20 feet (0.15 to 6 m) of the first wellbore section is also
reamed to diameter ds. Accordingly, both the sealed connections and the portions of
liner therebetween may be expanded against the wellbore wall without any restriction in
the internal diameter of the wellbore in the vicinity of the sealed connections resulting
in a true monobore well. |

Preferably, the first wellbore section is drilled in a conventional manner using a
drill string having a drill bit provided with a hole-opener on the lower end thereof. The
hole-Openef is used to increase the diameter of the lower portion of the first wellbore
section to diameter ds. Suitable hole-openers are as described above. Preferably,;a
conductor is pushed or drilled into the upper part of the first wellbore section during the
drilling of the first wellbore section. Once the drilling of the first wellbore section 1s
complete, a casing is run from the surface to the bottom of the first wellbore section in a
conventional manner such that the lower end of the casing lies in the reamed lower
portion of the first wellbore section. Thus, the casing constitutes the tubular liner for
the first wellbore section. Where the casing is cemented into place 1n the first wellbore
section, the thickness of the ]éyer of cement, preferably corresponds to the difference
between the diameters ds-d;. Suitably, the reamed lower portion of the first wellbore
section is provided with a crushable spacer, for example, a spacer formed of expandable
polystyrene. This crushable spacer allows the sealed connection that 1s formed between
the first expandable liner pipe and the casing to be expanded against the wall of the
reamed lower portion of the first wellbore section. Alternatively, the casing of the first
wellbore section may be an expandable casing that is expanded against the conductor
and against the wall of the wellbore ﬁsing a conventional expansion tool, for example an
expandable mandrel in which case the crushable spacer may be omitted.

The drilling assembly is then lowered to the bottom of the first wellbore section

- suspended on a cable and drilling of the second wellbore section is commenced by

rotating the drill bit. The drill bit may be configured to drill a hole of greater diameter
than its initia] diameter. For example, the bit may be a bi-centre bit or an expandable bit
such that the bit may pass through the casing of the first wellbore section and then be
utilised to drill a bore of larger diameter than the internal diameter of the casing of the

first wellbore section. Suitably, the drill bit of the assembly is provided with a hole-
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opener, for example, an under reamer. Initially, the diameter of the second wellbore
section is less than the internal diameter of the casing that constitutes the tubular liner of
the first wellbore section. However, the second wellbore sectién is preferably reamed to
a larger diameter by radially extending the cutters of the hole-opener into engagement
with the wall of the second wellbore section. This may be achieved during drilling of
the second wellbore section or by moving the assembly back through the open hole.
Suitably, the second wellbore section may be enlarged until 1ts diameter corresponds to
that of the reamed lower portion of the first wellbore section. Thus, the diameter of the
second wellbore section may be substantially uniform along the entire length thereof.
Alternatively, the second wellbore section may be enlarged such that its diameter
alternates between longer intervals having a diameter that corresponds to the diameter
of the un-reamed upper portion of the first wellbore section and shorter mtervals having;
a diameter that corresponds t(; that of the reamed lower portion of the first wellbore
section. Preferably, the difference between the diameters of the shorter and longer
intervals is sufficient to accommodate the sealed connections. Suitabl&, the shorter
intervals that are reamed to a larger diameter to accommodate the sealed joints have a
length of from 0.5 to 20 feet (0.15 to 6 m) (i.e. the preferred length of the upper portion
of the expandable liner pipe that is expanded into the tubular liner to form the sealed
joint). Suitably, the longer intervals correspond to the length of the lower portion of the
expandable liner pipe that 1s expanded to extend the tubular hiner into the second
wellbore section.

The length of the each liner pipe that is run into the wellbore along the cable is
dependent upon parameters such as the geology of the formation, the pore pressure of
the formation, wellbore stability and any loss of drilling fluid to the formation (lost
circulation) and may be in the range 10 to 1000 feet (3 to 305 m). Thus, 1f the wellbore
is of low geomechanical‘ stability or if the wellbore 1s being drilled through a lost |
circulation zone, it will be necessary to frequently interrupt drilling of the second
wellbore section to extend the tubular liner with relatively short expandable liner pipes.-
However, where the wellbore is geomechanically stable and no lost circulation zone 1s
encountered, it may be possible to drill a longer interval of the second wellbore section

before it becomes necessary to extend the liner ‘with relatively long expandable liner

pIpeEs.
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It is envisaged that the expandable liner pipe may be formed of metal, for
example, a low carbon steel or any other steel alloy, or from an expandable plastic
material. When the expandable liner pipe is metal and i1s expanded against the wall of
the second wellbore section, a metal to rock seal 1s obtained. Preferably, the expandable
liner pipe is provided with a coating of a resilient material, preferably an elastomeric
material, to provide an improved seal with the rock. Preferably, the elastomeric
material is resistant to the well environﬁlent, i.e. temperature, pressure, well fluids, and
the like. Suitably, the elastomeric material 1s selected from rubber (for example,
silicone rubber), polymers of ethylene-propyiene diene monomer (EPDM),
polytetrafluoroethylene, polyphenylene sulfide, and perfluoroelastomers. Typically, the
thickness of the coatihg of resilient material 1s in the range 0.05 to 2 inches (0.13 to 5
cm), for example, about 0.5 inch (1.3 cm).

The thickness of the wall of the expandable liner pipe decreases as it 1s
expanded. Where the expandable liner pipe is comprised ot metal,: the required
thickness of the wall after expansion is a function of the diameter of the wellbore and
the yield and tensile strength of the metal forming the expandable liner pipe. In general,
as the wellbore diameter increases it 1s necessary to increase the thickness of the wall of
the expandable metal liner pipe in order for the expanded pipe to apply sufficient force
to the wall of the Weilbore to seal the open hole. Preferably, the thickness of the wall of |
the expanded metal liner pipe is in the range 0.25 to 1 inches (0.64 to 2.54 cm) for an
expanded pipe having an internal diameter in the range 6 to 8 inches (15 to 20 cm).

It is envisaged that the expandable liner pipe may be capable of being deformed
such that in its deformed state the liner pipe can pass through a restriction in a wellbore
to the location where the liner pipe is to be expanded to extend the tubular liner of the
wellbore. Once at the desired location in the wellbore, the liner pipe may be reformed
into a substantially tubular shape having an outer diameter greater than the minimum
restriction in the wellbore and the reformed pipe may then be expanded to extend the
tubular liner without exceeding the maxﬂimum expansion ratio for the expandable hiner
pipe. The maximum expansion ratio for the reformed pipe 1s generally about 30%. The
expansion ratio from the deformed to the expanded state may be in the range 30 to
100%

Preferably, the liner pipe is deformed into a longitudinally corrugated pipe. It1s |
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also envisaged that the liner pipe may be deformed into any other shape that 1s capable
of passing through the minimum restriction i the wellbore. Suitably, the liner pipe

may be deformed to a size smaller than the minimum restriction in the wellbore using a |
set of rollers located above the wellhead. Preferably, the reformable and expandable
liner pipe is provided with a coating of a resilient material, as described above.

The liner pipe can comprise sections of pipe connected together by connections,
such as, for example, screw connections. Generally, the ﬁhole of the liner pipe,
including such screwed connections are expanded. However, expanding a screw
connection in the liner string may cause the connection to be unmade. Therefore, in
some cases, it may be preferable not to expand screw connections in the liner string.

The deformed metal liner pipe may be reformed and expanded using the
expansion means of the assembly. When the expansion means of the assembly 1s used
to reform and expand a deformed metal liner pipe, for example, a longitudinally
corrugated metal liner pipe, the expansion means may reform the entire pipe prior to
expanding the pipe to extend the tubular liner of the wellbore. However, it is preferred
that the expansion means reforms and expands the deformed metal liner pipe in a single
operation. If desired, and as suggested above, the liner pipe may be expaﬁded only
between any screw connections in which case it 1s preferred that the portions of the liner
pipe that form any such screwed connections are substantially tubular having an outer
diameter that allows the connections to pass through the tubular liner of the first
wellbore section.

The drilling assembly is lowered into the wellbore suspended from a:cable.
Preferably, the cable is provided with a plurality of cable connection means spaced apart
along the length thereof, for example, at 250 to 1000 feet (76 to 305 m) intervals.
Accordingly, as the second wellbore section 1s drilled to a greater length, the upper and
lower lengths of the cable may be disconnected using the closest connection means to
the surface or a cable connection means that has yet to enter the wellbore.

Preferably, the cable is a reinforced cable, for example, a reinforced steel cable.
The cable may be connected to the drilling assembly by means of a connector,

preferably, a releasable connector. Preferably, the cable encases one or more wires

and/or segmented conductors for transmitting electricity or electrical signals from the

surface to the assembly (hereinafter “conventional cable”). However, the assembly may
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be suspended from a conventional reinforced cable with electricity and/or electrical
signals being transmitted from the surface to the assembly via a separate electrical
cable.

The cable from which the drilling assembly is suspended may also be a “hybrid
cable” comprising tubing suitable for conveying a fluid wherein at least one electrical |
conductor wire and/or segmented electrical conductor 1s embedded in the wall of the
tubing. Preferably, the hybrid cable comprises an mner tube, a layer of an 1nsulation
material having at least one electrical conductor wire and/or segmented conductor
embedded therein, an intermediate fhuid barrier layer and an outer flexible protective
sheath. Suitably, the inner tube and outer intermediate fluid barrier layer are comprised
of steel. Suitably the insulation material is a flexible material, preferably a plastic or
rubber material. Suitably, the outer protective sheath is steel braiding. Preferably, the
electrical conductor wire(s) and/or segmented conductor(s) embedded in the layer of
insulation material are coated with an electrical insulation material. Preferably, the
internal diameter of the inner tube of the hybrid cable 1s 1n the range 0.2 to 5 mches (0.5
to 13 cm), preferably 0.3 to 1 inches (0.8 to 2.54 cm).

Preferably, the assembly that is suspended from the cable comprises an elongate
housing, preferably, a tubular housing. Suitably, the tubular housing 1s connected to the
cable via a releasable connection means. Preferably, an electric motor and a drive
means for the drill bit are located within the housing of the assembly. The electric
motor powers the drive means for the drill bit with electricity being tran:smitted' to the
electric motor from the surface via an electrical conductor wire and/or a segmented
conductor that is either embedded in the cable from which the assembly is suspended or
in a separate electric cable. Preferably, the means for driving the drill bit also drives the
optional hole-opener. Typically, the means for driving the drill bit may be arotor. The
housing of the assembly may also be provided with an electrically actuated traction
means for providing thrust to the drill bat. |

Preferably, the housing of the assembly has a fluid passage that is in fluid
communication with ports in the drll bit and with ports in the optional hole-opener.
Suitably, the housing 1s provided with a pumping means, for example, a suction pump,
that is used to pass a fluid through the passage in the housing to the ports in the drill bit
(and the ports 1n optional hole-opener). The fluid cools the cutting surfaces of the drill
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bit (and optional hole-opener) and also transports drill cuttings away from the cutting
surfaces entrained in the fluid. Preferably, the pumping means is electrically powered
with electricity being transmitted to the pumping means via an electrical conductor wire
and/or a segmented conductor. |

Typically, a drilling mud is pumped through the passage of the drilling assembly
and out over the cutting surfaces of the drill bit via the pumping means. Where the
drilling assembly is suspended from a hybrid cable the drilling mud may be pumped
from the surface through the inner tibe of the hybrid cable and through the passage 1n
the assembly to the ports in the drill bit and out over the cutting surfaces. Thus, the

inner tube of the hybrid cable is in fluid communication with the passage in the housing

“of the assembly. The drilling mud having drill cuttings entrained therein then flows

back to the surface over the outside of the assembly and through the annulus formed
between the wellbore wall and the hybrid cable (“conventional circulation” mode).
Alternatively, the drilling mud may be passed to the drilling assembly through the
annulus formed between the hybrid cable and the wall of the wellbore and an entrained
cﬁ’ttings stream may be transported away from the drilling assembly through the mner
tube of the hybrid cable (“reverse circulation” mode). Thus, the assembly 1s provided
with at least 0;16 inlet for the drilling mud that 1s in fluid communication with the ports
in the drill bit (and optional hole-opener) and also with the mner tube of the hybrid
cable. Accordingly, the passage in the housing of the assembly has a branch pomt with
a first branch passage that is in fluid communication with the ports and a second branch
passage that is in fluid communication with the inner tube of the hybrid cable.

Where the assembly is suspended from a conventional reinforced cable a drilling
mud may be pumped from the surface to the bottom of the wellbore via a hydraulic line
(coiled tubing or a jointed pipe string). This hydraulic line is preferably arranged in
parallel with the conventional cable rather than concentrically about the conventional
cable. Suitably, this hydraulic line is in fluid communication with a passage in the
housing of the assembly with the drilling mud flowing through this passage and out
through ports in the drill bit (and the optional hole-opener). The drilling mud then
flows back to the surface over the outside of the assembly and through the interior of
the tubular liner.

Where the drilling assembly is used to drill a second wellbore section through a
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producing formation, it is envisaged that the cutting surfaces on the drll bit may be
cooled by the fluids that are produced from the formation into the wellbore and that drill
cuttings may be transported away from the cutting surfaces entrained in the produced
fluid. Accordingly, there is no requirement to pass a drilling mud from the surface to
the drilling assembly. By “produced fluid” is meant produced liquid hydrocarbons
and/or produced Watef, preferably produced liquid hydrocarbons. Where the produced
fluid comprises produced liquid hydrocarbons, hydrocarbon fluid may to be produced
from the wellbore during drilling of the section wellbore section. The pressure of the
hydrocarbon-bearing formation may be s.ufﬁciently high that the produced fluid having
drill cuttings entrained therein flows to the surface by means of natural energy. If
necessary, the wellbore may be provided with artificial 1ift. It 1s envisage that pumping
means and fluid passage through the assembly may be omitted. Hﬁowever, it 1s preferred
that the assembly 1s provided with a pumping means for drawing produced fluids
through an inlet in the housing and through a passage in the assembly that is m tluid
communication with ports in the drill bit (and optional hole-opener).

The method of the present invention may be also be used to drill a new section
of wellbore from a selected location 1n an existing cased wellbore that has a
hydrocarbon fluid production conduit arranged in sealing relationship with the wall of
the casing. The casing of the existing wellbore constitutes the tubular liner. The new
wellbore section ma)a/ be an extension of the existing wellbore or a side track wellbore
or lateral wellbore. Accordingly, it is preferred that the drilling assembly and the
expandable liner pipe are capable of passing into the wellbore through the production
conduit. This is advantageous in that there is no requirement to pull the production
conduit from the wellbore.

Generally, a production conduit has an inner diameter of 2.5 to 8 inches (6.4 to
20.3 cm), preferably 3.5 to 6 inches (9 to 15 cm).‘ Preferably, the maximum outer
diameter of the drilling assembly and of.the expandable liner pipe 1s at least 0.5 inches
(1.3 cm), more preferably, at least 1 inch (2.5 cm) less than the inner diameter of the
productlon conduit. Preferably, the drill bit of the assembly 1s prov1ded with a hole-
opener, thereby allowing the new wellbore section that 1s drilled from the selected
Jocation to be enlarged to a greater diameter than the inner diameter of the production

conduit. Preferably, the new wellbore section is enlarged to substantially the same
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diameter as the diameter of the existing wellbore. Advantageously, the expandable liner
pipe is a deformed expandable liner pipe of the type discussed above, thereby allowing
the liner pipe to be expanded to extend the tubular liner without exceeding 1ts maximum
expansion ratio. |

Preferably, the drilling assembly 1s provided with an electrically operated
steering means, for example, a steerable joint, which is used to adjust the trajectory of
the second wellbore section as it is being drilled. This steering means is electrically
connected to equipment at the surface via an electrical conductor wire or a segmented
conductor embedded in the cable from which the assembly is suspended or in a separate
electrical cable.

Preferably, the drilling assembly may be provided with sensors which are
electrically connected to recording equipment at the surface via an electrical conductor
wire or segmented electrical conductor embedded in the cable from which the assembly
is suspended or in a separate electrical cable. Suitably, the sensors are located in
proximity to the cutting surfaces on the drilling assembly. If desired, sensors may also
be located along the cable. Such sensors may, for example, include at least one location
Sensor.

Preferably, the drilling assembly additionally comprises an electrically powered
traction means for displacing the drilling assembly within the wellbore. The traction
meahs may be used to advance the drilling assembly through the second wellbore
section as it is being drilled, to take up the reactive torque generated by the means for .
driving the drill bit (and the optional hole-opener), to move the assembly upwardly
through the wellbore, and to move the assembly through the expandable liner pipe so
that the expansion means expands the liner pipe. Electricity is transmitted to the
traction means via an electrical conductor wire and/or segmented conductor encased 1n
the cable from which the assembly is suspended or encased in a separate electrical
cable. Suitably, the traction means of the assembly comprises a first (upper) slip and a

second (lower) slip that are connected either directly or indirectly by a piston in such a

way that operation of the piston can move the slips towards or away from each other.

The piston of the traction means comprises a cylinder that fits within a tube in which 1t
moves up and down. This traction means may be operated to move the assembly

upwardly through the wellbore by setting the upper slip to grip the inner wall of the
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tubular liner or open hole, unsetting the lower slip, moving the cylinder of the piston
such that the second (lower) slip is moved upwardly towards the first (upper) slip,
setting the second (lower) slip and unsetting the first (upper) slip. The cylinder is then
moved back to its original position within the tube moving the first (upper) slip away
from the second (lower) slip. The first (upper) slip 1s then set and the secon_d (lower)
slip unset. This operation may be repeated a plurality of times to move the assembly
upwards in the wellbore. The traction means may also be operated to move the
assembly downwardly through the wellbore by setting the lower slip and moving the
cylinder of the piston to move the first (upper) slip towards the second (lower) slip,
setting the upper slip, unsetting the lower slip and moving the cylinder to move the
second (lower) slip away from the first (upper) slip and then the second (lower) slip is
set and the first (upper) slip unset. This operation may be repeated a plurality of tumes
to move the assembly downwards in the wellbore. Pretferably, the movement of the
piston and the setting of the upper and lower slips are electrically powered.
Alternatively, the traction means of the assembly may comprise wheels or rollers which
engage with and move the drilling assembly over the wall of the open hole or over the
wall of the tubular liner.

The cable traction means of the drilling assembly that is used to run the
expandable liner pipe into the wellbore supports the expandable liner pipe and moves it
along the cable, i.e. through the wellbore relative to the cable. The cable traction means
is preferably provided with wheels or rollers that run along the cable but may mstead, or
in addition, have wheels or rollers that run against the tubular liner of the wellbore.
Where the wheels or rollers run against the tubular liner, the cable may pass through the
traction means and the traction means extends beyond the upper end of the expandable
liner pipe so that the wheels or rollers can run against the tubular liner. Preferably, the
cable traction means is electrically powered. Suitably, the cable traction means 1s
inductively coupled to the cable (where the cable has at least one electrical wire or
segmented electrical cable). Alternatively, the cable traction means may be powered by
a second electrical cable that extends to the surface. Suitably, the cable traction means
is provided with a radially extendible gripping member, preferably, an electrically
powered radially extendible gripping member, that may be acotuated for gripping the

internal wall of the expandable liner pipe. Suitably, the gripping member comprises at
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least one radially extendible “slip” that has teeth or other gripping elements. Preferaﬁly,
the cable traction means is provided with a plurality of “slips”, preferably 2 to 4 slips.
Suitable “slips” for use with the liner pipe would be well known to the person skilled 1n
the art. Preferably, the slips are moveable over the inner surface of the liner pipe.
When the cable traction means has run a liner pipe from the surface to the bottom of the
cable, theq slips may be used to move the liner pipe downwardly through the wellbore
with respect to the cable traction means so that the liner pipe 1s disposed concentrically
about the drilling assembly and held by slips or a stop on the drilling assembly. The
slips of the cable traction means may then be unset and the cable traction means may be
moved upwardly along the cable. Suitably, sensors are provided on the drilling
assembly and optionally on the traction means. The sensors can be used to ensure that
the liner is supported on the assembly at the desired location in the wellbore with the
upper portion of the liner pipe overlapping the lower portion of the tubular liner and the
lower portion of the liner pipe extending into the open hole.

Suitably the expansion means may be an expandable packer. Suitably, the
length of the expandable packer may correspond to the length of the liner pipe so that
the expandable packer is capable of simultaneously expanding the entire expandable
liner pipe. However, the expandable packer may also have a length that 1s substantially
less than the length of the expandable liner pipe. Preferably, the expandable packer may
be moved downwardly through the liner pipe to expand the liner pipe in stages. Thus,
the expandable packer is first inflated to expand the upper portion of the liner pipe into
the tubular liner to form a sealed joint therebetween. The packer 1s then deflated and is
moved downwardly through the expandéble liner pipe until the packer 1s arranged
immediately below the sealed joint. The packer is then inflated to expand a further
portion of the liner pipe before being deflated and this procedure is repeated until the
entire liner pipe has been expanded. It is envisaged that the traction means of the
assembly m‘ay move the assembly and hence the expandable packer downwardly
through the wellbore. However, it is preferred that the length of the open hole 1s
controlled so that when the expandable packer 1s located in the upper portion of the
expandable liner pipe, the drill bit is located at the bottom wellbore. Accordingly, the
deflated packer may be moved through the liner pipe by actuating the drill bit to drill a
further portion of the second wellbore and periodically interrupting the drilling
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operation to inflate the packer thereby expanding a portion of the liner pipe.

The expansion means may also be an expandable mandrel that 1s disposed about
the tubular housing of the assembly and is moveable from an upper to a lower position
with respect to the housing of the assembly. Suitably, the mandrel is mitially located at
its upper position with respect to the housing of the assembly, above the expandable
liner pipe that is supported by the assembly. The mandrel 1s then expanded and 1s
moved downwardly through the expandable liner pipe with respect to the housing of the
assembly. It is envisaged that the mandrel may be moved downwardly through the
expandable liner pipe with respect to the housing via an electrically driven screw

mechanism. Typically the bottom of the expandable liner pipe is supported by the

assembly. Alternatively, the mandrel may be in a fixed position with respect to the

assembly, with drilling of a further portion of the second wellbore section causing the
mandrel to move downwardly through the expandable liner pipe. Thus, once the top of
the liner pip"e has been expanded to initiate the sealed joint thét 1s formed between the
upper portion of the liner pipe and the tubular liner, the radially expandable gripping
means of the assembly is retracted to enable the mandrel to move downwardly through
the liner pipe as the further portion of the second wellbore section 1s being drilled.

The expandable liner pipe may also be expanded using an electrically powered
rotatable expansion means having at Ieast one radially extendible member, for example,
radially extendible rollers. Preferably, the radially extendible member 1s electrically
actuated. Electricity may be transmitted to the rotatable expansion means via an
electrical conductor wire or segmentéd conductor encased in the cable from which the

assembly is suspended or via a separate electric cable. The rotatable expansion means

expands the expandable liner pipe by extending the radially extendible member into

engagement with the inner wall of the expandable liner pipe and applying pressure to
the liner by gradually extending the extendible membér whilst rotating the expansion
means. Suitably, the expansion means is provided with an electrically powered
mechanism for radially extending and retracting the extendible elements. It1is
envisaged that the expansion means may be rotatable with respect to the housing of the
assembly. Alternatively, the entire assembly may be rotated to rotate the expansion
means. Typically, it is necessary to move the rotatable expansion means downwardly

through the expandable liner pipe. This may be achieved by actuating the traction
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means of the assembly to move the assembly and hence the expansion means through
the expandable liner pipe. Alternatively, the length of the open hole may be controlled
so that when the drill bit is located at the bottom of the wellbore, the rotatable expansion
means 1S located at the top of the expandable liner pipe. Accordingly, the rotatable
expansion means méy be moved downwardly through the liner pipe as the drill bit drills
a further portion of the second wellbore section.

Preferably, the assembly is provided with sensors for monitoring the expansion
of the pipe and the position of the expansion means in the wellbore.

Preferably the cable traction means 1s actuated to collect a further section of
liner pipe from the surface during the expansion operation so that the method of drilling
and lining the wellbore becomes a seamless operation.

Preferably, the liner pipe may be introduced from the surface into the wellbore
using a lubricator. The term “lubricator” is well known to the person skilled in the art,
and means a specially fabricated length of casing or tubing that 1s arranged at the
surface and 1s used to run tools into a wellbore. Typically, the lubricator 1s located
immediately above a surface valve that 1s used to seal off the wellbore.

Accordingly, in a preferred embodiment of the method of the present invention
there 1s provided a method of drilling a second wellbore section from a first wellbore
section that is lined with a tubular liner and of extending the tubular liner into the
second wellbore section, the method comprising:

(a) drnilling the second wellbore section trom the first wellbore section using a
drilling assembly suspended from the lower end of a cable that encases at least
one electrical wire or segmented electrical conductor wherein the assembly
comprises an expansion means, an electric motor, a drive means and a drill bit,
the cable extends from a surface hoist means through a lubricator and a surface
valve into the wellbore and 1s provided with at least one releasable cable
connection means and with a cable traction means that is moveable along the
length of the cable, the method comprising:

(b) interrupting drilling of the second wellbore section, actuating the hoist means to
pull the cable and hence the assembly upwardly through the wellbore until the
cable connection means is positioned within the lubricator;

(c) moving the cable traction means upwardly along the cable into the lubricator to
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a position below the cable connection means;

(d) clésing the surface valve to seal off the wellbore, disconnecting the lubricator,
and disconnecting the cable connection means;

(e) arranging an expandable liner pipe concentrically about the cable supported on
the traction means;

(f) reconnecting the cable connection means and reconnecting the lubricator;

(g) opening the surface valve and moving the cable traction means downwardly
along the cable so that the expandable liner pipe that is supported on the cable
traction means passes through the surface valve and into the wellbore to a
position where thé upper portion of the expandable liner pipe overlaps the lower
portion of the tubular liner and the lower portion of the expandable liner pipe
extends into the open hole of the second wellbore section;

(h) actuating the expansion means of the assembly to expand the upper portion of-
the expandable liner pipe into the lower portion of the tubular to form a sealed
conne;:tion therebetween and to expand the lower portion of the expandable liner
pipe to extend the tubular liner into the second wellbore section;

(1) optionally recommencing drilling of the second wellbore section and repeating
steps (b) to (h).

Where the éxpandable liner pipe 1s mtroducéd into the wellbore using a
lubricator, the external diameter of the expandable liner pipe will be limited by the
internal diameter respectively of the lubricator. It 1s envisaged that the length of the
liner pipe may be limited by the length of the lubricator. However, 1t 1s also envisaged
that the wellbore may be provided with a downhole valve. This downhole valve 1s
closed befdre disconnecting the lubricator and cable connection means. A string of liner
pipe is then arranged concentrically about the lower end of the cable and is lowered into
the wellbore in a conventional manner i)efore actuating the cable traction means to grip
the internal wall of the liner string. The cable connection means and lubricator are then
reconnected, the downhole valve 1s re-opened and the liner string 1s moved downwardly
with respect to the cable until the liner string is 1n the desired location in the wellbore.

It 1s also envisaged that the drilling assembly may be provided with a radially
extendible cutter for cutting a section of liner from the liner pipe and that this cut

section of liner pipe is then expanded to form a sealed joint with the tubular liner and to
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extend the tubular liner. Suitably, the cut section of liner 1s supported on the assembly
prior to being expanded using the expansion means of the assembly. The dfilling
operation 1s then recommenced to drill a further section of liner before interrupting the
drilling operation to cut a further section of liner from the liner pipe to further extend
the tubular liner.

Where the cable 1s a hybrid cable, the cable connection means may be provided
with a passage so that fluid, for example, drilling mud may flow through the cable
connection means. Alternatively, the cable connection means may be provided with an
outlet for the fluid.

In yet a further aspect of the present invention there i1s provided an apparatus for
drilling and lining a wellbore the apparatus comprising a remotely controlled
electrically powered drilling assembly suspended from a cable having at least one
electrical wire and/or segmented electrical conductor embedded therein for transmitting
electricity or electrical signals from the surface to the assembly wherein the assembly
comprises an expansion means and an eléctrically driven drill bit and the cable is
provided with a traction means that 1s moveable along the cable for delivering an
expaﬁdable liner pipe from the surface to the assembly.

The invention will now be described with reference to Figures 1 to 14 in which;

Figure 1 1s a schematic cross-section of apparatus for use in the method of the
present invention,

Figures 2 to 10 are schematic cross-sectional drawings illustrating the method of
the present invention

Figures 11 and 12 are schematic cross-sectional udrawings illustrating the use of
an expandable packer to expand the expandable liner pipe, and

Figures 13 and 14 are schematic cross-sectional drawings 1llustrating the use of
a radially expandable mandrel to expand the expandable pipe.

In Figure 1 1s shown the apparatus of the present invention suspended from a
hybrid cable 1. The apparatus comprises an expansiofl means 2, autraction means 3, a
pumping means 4, an electric motor 5, a drive means (not shown) and a drill bit 6. The |
electric motor 5 powers the drive means that rotates the drill bit 6. The traction means 3
comprises a first slip 7 and a second slip 8 connected by a piston 9 and provides the

necessary thrust to the drill bit.
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In Figure 2 a first wellbore section 10 has been drilled through a subterranean
formation and a casing (tubular liner) 11 has been run into the bottom thereof in a
conventional manner. Drilling of a second wellbore section 12 from the first wellbore
section 10 is commenced using the assembly of Figure 1 suspended from a hybﬁd cable.
The hybrid cable comprises an upper length 13 and lower length 14 of cable joined via a
releasable connection means 15. The hybrid cable passes from a surface winch means

16 through a Iubricator 17 and valve 18 into the wellbore. Once the assembly has

reached the bottom of the first wellbore section, the drive means is actuated such that

the drill bit begins to drill the second wellbore section. Figure 3 shows the second
wellbore section drilled to a greater depth.

In Figure 4, the hybrid cable has been partially pulled from the wellbore using
the winch means 16 until the cable connection means 15 lies within the lubricator 17.
The surface valve 18 1s then closed. |

In Figure 5, the lubricator 17 and cable connection means 15 have been
disconnected and the lubricator 17 and the upper length 13 of the hybrid cable have
been lifted away from the surface valve 18. An expandable liner pipe 19 has been
arranged concentrically about the lower length 14 of the hybrid cable supported on a
traction means 20 that 1s moveable along the cable (“cable traction means™).

In Figure 6, the lubricator 17 has been lowered over the surface valve and the
cable connection means 15 has been reconnected. The lubricator is then reconnected as
shown in Figure 7. Thus, the cable traction means 20 is disposed in the annular space
between the hybrid cable and the expandable liner pipe 19. The cable traction means 20
1s provided with an external gripping member (not shown) that grips the inner wall of
the liner pipe 19. The cable traction means 20 is also provided with tractor wheels (not
shown) that are movable over the outer surface of the hybrid cable. The cable traction
means 20 1s electrically powered and 1s preferably inductively coupled to the hybrid
cable. As the cable traction means moves downwardly along the hybrid cable the liner
pipe moves downwardly through the wellbore until the liner pipe lies immediately
above the assembly, as shown in Figure 8. The expandable liner pipe 19 1s then walked
downwardly through the wellbore with respect to the cable traction means by hloving
the external gripping member over the internal surface of the liner pipe ﬁntil the upper

portion of the expandable liner pipe 19 overlaps the lower portion of the casing 11 of

21



10

15

20

25

30

CA 02550194 2006-06-12

WO 2005/061835 PCT/GB2004/004986

the first wellbore section 10 and the lower portion of the expandable liner pipe 19
extends into the open hole 12. The liner pipe 1s now arranged concentrically about the
assembly. The expansion means of the assembly is radially expanded to expand the
upper portion of the expandable liner pipe 19 into the lower portion of the casing 11
(the tubular liner for the first wellbore section) to form a sealed joint therebetween and
to expand the lower portion of the GXpandabIe liner pipe to extend the tubular liner into
the second wellbore section. The expansion means 1s then radially retracted as shown in
Figure 9. During the drilling of a further portion of the second wellbore, the cable
traction means 20 1s moved upwardly along the cable 14 as shown in Figure 10. The
procedure outlined above 1s then repeated such that a further expandable liner pipe is
introduced into the wellbore along the cable and an upper portion of the further
expandable liner pipe 1s expanded into the lower portion of the tubular liner to further
extend the tubular Iiner 1nto the second wellbore section.

Figures 11 and 12 illustrate an assembly according to the present invention
comprising a radially expandable packer 21. Suitably, the packer 21 may be
hydraulically expanded. Prior to expansion of the packer 21, the lower gripping
member & of the traction means 3 1s radially extended to grip the wall 22 of the
wellbore. During this operation, the expandable liner pipel9 is supported on the
aésembly. Typically, the expandable packer 1s initially located at the top of the liner
pipe so that a sealed joint 23 1s formed between the liner pipe 19 and the tubular
wellbore liner 24 upon expansion of the packer 21. The packer is then retracted and the
traction means actuated to move the assembly downwardly through the wellbore until
the packer is located immediately below the expanded section of the liner pipe. The
packer 1s then expanded to expand a further section of liner pipe and the above
procedure 1s repeated until the entire liner pipe has been expanded.

Figures 13 and 14 1llustrate as assembly according to the present invention com-
prising a radially expandable mandrel 25. Initially, the expandable mandrel is located
above the expan.dal:;le liner pipe 19 with the liner pipe supported on the assembly above
the traction means 3. The mandrel 25 is expanded as shown in Figure 14-and is moved
downwardly through the expéndable liner pipe 19 as the drill bit 6 extends the wellbore.
Simultaneously, the traction means 3 1s operated to move the assembly through the

wellbore. The traction means 3 also provides thrust to the drill bit 6.
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Claims

A method of drilling a second wellbore section (12) from a first wellbore section

(10) that 1s lined with a tubular liner (11) and of extending the tubular liner into the

second wellbore section, the method comprising:

(a) drlling the second wellbore section (12) from the first wellbore section (10)

using a remotely controlled electrically powered drilling assembly that is
suspended from a cable (1) that extends from the surface wherein the cable
comprises an upper (13) and a lower (14) length of cable connected by a
cable connection means (15) and the drilling assembly comprises an
expansion means (2), a traction means (3), and an electrically actuated drill
b1t (6) and wherein electricity 1s transmitted to the assembly via at least one

electrical wire and/or segmented electrical conductor that extends from the

surface to the assembly;

(b) introducing an expandable liner pipe (19) into the wellbore by disconnecting

the cable connection means (15) at the surface to separate the upper (13) and
lower (14) lengths of cable, arranging the expandable liner pipe (19)
concentrically about the upper (13) or lower (14) length of cable,
reconnecting the cable connection means (15) to rejoin the upper (13) and
lower (14) lengths of cable and running the expandable liner pipe (19) into

the wellbore supported on a cable traction means (20) that is moveable along

the cable; and

(c) actuating the expansion means (2) of the assembly to expand the upper

portion of the expandable liner pipe (19) into the lower portion of the tubular
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liner (11) to form a sealed connection therebetween and to expand the lower
portion of the expandable liner pipe (19) to extend the tubular liner; and
(d) optionally repeated steps (a) to (¢).

2 A method as claimed in claim 1 in which the cable is a hybrid cable comprising
tubing suitable for conveying a fluid having at least one electrical conductor wire and/or
segmented electrical conductor embedded in the wall of the tubing and drilling mud is

passed through the cable.

3. A method as claimed 1n claim 1 or claim 2 1 which the drilling assembly and
expandable liner pipe are passed through a production conduit in the first wellbore

section prior to drilling the second wellbore section.

4, A method of drilling a second wellbore section (12) from a first wellbore section
(10) that 1s lined with a tubular liner (11) and of extending the tubular liner into the
second wellbore section, the method comprising:

(a) drilling the second wellbore section (12) from the first wellbore section (10)
using a drilling assembly suspended from the lower end of a cable (1) that
encases at least one electrical wire or segmented electrical conductor wherein
the assembly comprises an expansion means (2), an electric motor (5), a drive
means and a drill bit (6), the cable extends from a surface hoist means (16)
through a lubricator (17) and a surface valve (18) into the wellbore and is

- provided with at least one releasable cable connection means (15) and with a
cable traction means (20) that is moveable along the length of the cable, the
method comprising:

(b) interrupting drilling of the second wellbore section (12), actuating the hoist
means (16) to pull the cable and hence the assembly upwardly through the
wellbore until the cable cpnnectioﬁ means (15) is positioned within the
lubricator (17); .

(c) moving the cable traction means (20) upwardly along the cable into the
lubricator(17) to a position below the cable connection means (15);

(d) closing the surface valve (18) to seal off the wellbore, disconnecting the
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lubricator (17), and disconnecting the cable connection means (15);

(e) arranging an expandable liner pipe (19) concentrically about the cable supported
on the traction means (20);

(f) reconnecting the cable connection means (15) and reconnecting the lubricator
(17);

(g) opening the surface valve (18) and moving the cable traction means (20)
downwardly along the cable so that the expandable liner pipe (19)‘that 1S
supported on the cable traction means passes through the surface valve (18) and
into the wellbore to‘ a position where the upper portion of the expandable liner
pipe (19) overlaps the lower portion of the tubular Iiner (11) and the lower
portion of the expandable liner pipe extends into the open hole of the second
wellbore section (12);

(h) actuating the expansion means (2) of the assembly to expand the upper portion
of the expandable liner pipe (19) into the lower’portion of the tubﬁ]ar (11) to
form a sealed connection therebetween and to expand the lower portion of the
expandable liner pipe to extend the tubular liner into the second wellbore
section;

(1) optionally recommencing drilling of the second wellbore section and repeating
steps (b) to (h).

5. Apparatus for drilling and lining a wellbore the apparatus comprising a remotely
controlled electrically powered drilling assembly suspended from a cable (1) having at
least one electrical wire and/or segmented electrical conductor embedded therein for-
transmitting electricity or electrical signals from the surface to the assembly wherein the
assembly comprises an expansion means (2) and an electrically driven drill bit (63 and
the cable is provided with a cable traction means (20) that 1s moveable along the cable
for delivering an expandable liner pipe (19) from the surface to the assembly.

0. Apparatus as claimed in claim 5 in which the drilling assembly comprises an
elongate housing which housing comprises (a) connection means for connecting the
assembly to a suspension cable, (b) an electric motor, (c) a drive means for rotating a
drill bit.

7. Apparatus as claimed in claim 6 wherein the drive means for rotating the drill bt

also drives a hole-opener.
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8. Apparatus as claimed in either of claims 6 or 7 further comprising an electrically
operated steering means capable of adjusting the trajectory of the wellbore section as it

is being drilled.

9. Apparatus as claimed in any one of claims 6 to 8 further comprising an
5 electrically powered traction means for displacing the drilling assembly within the

wellbore.

10.  Apparatus as claimed 1n any one of claims 6 to 9 further comprising a radially

extendible cutter for cutting a section of liner from the expandable liner pipe
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