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(57) Abstract: A method of sealing the wall of a wellbore (1) as it
is being drilled through a subterranean formation using a drill string
(3) having a drill bit (4) on the lower end thereof comprises fitting
to the lower end of a drill string (3) a device comprising (i) a cylin-
drically gathered pack of flexible tubing (6), (ii) a receptacle (5) for
the gathered pack and (iii) a radially expandable locking means (8)
having a first end of the tubing of the gathered pack connected either
directly or indirectly thereto, and drilling a first section of wellbore,
expanding the locking means (8) against the wellbore wall such that
the first end of the tubing that is withdrawn from the gathered pack
is locked in place in the wellbore, drilling a second section of well-
bore with the movement of the drill string (3) through the wellbore
causing the tubing to be withdrawn from the gathered pack (6) and
to be turned inside out thereby forming a liner for the second sec-
tion of wellbore.
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DEVICE AND METHOD OF LINING A WELLBORE

The present invention relates to drilling of wells through a hydrocarbon bearing

subterranean formation, and more particularly to a method of lining a wellbore wall as it
is being drilled and to a device suitable for use in the method.

In the drilling of a wellbore through a subterranean formation by rotary drilling
techniques, conventionally a drilling fluid is circulated from the surface of the earth
down a drill string having a drill bit on the lower end thereof and through ports provided
in the drill bit to the well bottom and thence back to the surface through the annulus
formed about the drill string. Commonly, drilling fluids are employed that are either oil
or water based. These fluids are treated to provide desired rheological properties which
make the fluids particularly useful in the drilling of wellbores. ‘ |

A problem often encountered in the drilling of a well bore is the loss of
unacceptably large amounts of drilling fluid into the subterranean formation penetrated
by the wellbore. This problem is often referred to generally as “lost circulation”, and
the formation zones into Which the drilling fluid is lost are often referred to as “lost
circulation zones” or “thief zones”. Various causes may be responsible for the lost
circulation encountered in the drilling of a wellbore. For example, a formation
penetrated by the wellbore may exhibit unusually high permeability or may contain
fractures or crevices therein. In addition, a formation may simply not be sufficiently
competent to support the hydrostatic pressure appliéd by the drilling fluid and may
break down under this hydrostatic pressure and allow the drilling fluid to flow thereinto.

The present invention relates to a device and method for lining the wall of a
borehole that is being drilled through such “lost circulation” or “thief” zones thereby

preventing loss of drilling fluid from the wellbore into the formation. Although the
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present invention is particularly suitable for lining lost circulation zones, it will be
apparent that it may be used in other sections of the well bore.

Thus, in a first embodiment of the present invention there is provided a device
for lining the wall of a wellbore as it is being drilled through a subterranean formation
using a drill string having a drill bit on the lower end thereof, characterized in that the
device comprises:

(a) areceptacle for a cylindrically gatﬁered pack of flexible tubing and

(b) aradially expandable locking means having means for directly or in::lirectly
attaching a first end of the tubing of the gathered pack

wherein

(ii) the receptacle for the gathered pack of flexible tubing is capable of being
supported around the outside of the drill string at or near the lower end
thereof on a plurality of bearings thereby allowing the receptacle to remain
stationary while the drill string is rotated; and

(iii) the radially expandable locking means is capable of being expanded against
the wellbore wall thereby locking the first end of the flexible tubing in place
in the wellbore such that in use movement of the drill string through the
wellbore as it is being drilled causes the flexible tubing to be withdrawn
from the cylindrically gathered pack and to be turned inside out thereby
providing a liner for the wellbore wall with the outer surface of the tubing of
the cylindrically gathered pack forming the inner surface of the liner.

The present invention includes a device for lining the wall of a wellbore as it is
being drilled through a subterranean formation using a drill string having a drill bit on
the lower end thereof, characterized in that the device comprises (i) a cylindrically
gathered pack of flexible tubing, (ii) a receptacle for the gathered pack and (iii) a
radially expandable locking means having a first end of the tubing of the gathered pack
connected either directly or indirectly thereto wherein the receptacle for the gathered ,
pack of flexible tubing is supported around the outside of the drill string at or near the
lower end thereof on a plurality of bearings thereby allowing the receptacle to remain
stationary while the drill string is rotated; and the radially expandable locking means is
disposed on the drill string such that, in use, the radially expandable locking means is
expanded against the wellbore wall thereby locking the end of the flexible tubing in

place in the wellbore and movement of the drill string through the wellbore as it is being
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drilled causes the flexible tubing to be withdrawn from the cylindrically gathered pack
and to be turned inside out thereby providing a liner for the wellbore wall with the outer
surface of the tubing of the cylindrically gathered pack forming the inner surface of the
1iher.

When drilling through a lost circulation zone, the radially expandable means is
radially expanded against the wellbore above the lost circulation zone such that as the
drill string moves down through the lost circulation zone, the wellbore is lined.

For avoidance of doubt, the device of the present invention may be used to drill
a side track or lateral well in addition to drilling a substantially vertical wellbore.

Suitably, the flexible tubing is withdrawn from the bottom of the cylindrically
gathered pack as the wellbore is being drilled and is subsequently turned inside out to
form a sleeve or liner for the wellbore. Thus, the outer surface of the flexible tubing in
the gathered pack becomes the cylindrical inner surface of the liner. Suitably, the
receptacle is arranged around the outside of the drill string immediately above the drill
bit. Preferably, the receptacle for the gathered pack comprises an inner tube and an

outer tube with the gathered pack of flexible tubing stored in the annular space formed

 between the inner and outer tubes and the drill string passing through the interior of the

inner tube. Suitably, the inner tube of the receptacle is provided with a plurality of
bearings, for example, roller bearings thereby allowing the drill string to rotate whilst
the receptacle remains stationary relative to the drill string. Suitably, the roller bearings
are distributed along the length of the inner tube of the receptacle. As the drill bit drills
the borehole through the lost circulation zone, the first end of the tubing that is being
withdrawn from the gathered pack remains locked in place in the wellbore above the
lost circulation zone through expansion of the locking means against the wellbore wall
whilst the drill string and the receptacle that is supported at or near the lower end
thereof moves through the wellbore as it is being drilled. Thus, movement of the drill
string through the wellbore causes the flexible tubing to be withdrawn from the gathered
pack and to be turned inside out thereby forming the liner for the wellbore.

Suitably, the cylindrically gathered pack of tubing is formed from a flexible,
non-resilient material, for example, a plastic material. The material forming the tubing
is resistant to the well environment, i.e. temperature, pressure, well fluids, and the like.
The material is also impermeable to wellbore liquids such as crude oil, water and gas

field condensate. However, the material may be partially or fully permeable to natural
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gas. Examples of suitable plastic materials include polyvinylchloride (PVC),
polyamides (for example, polyamide 11) and high density polyethylene (HDPE).

Preferably, the tubing of the gathered pack has a wall thickness of 0.1 to 2 mm.

The liner is held against the wellbore wall to seal the wellbore wall owing to a
pressure differential that exists across the liner. Accordingly, the diameter of the
flexible tubing should correspond to the inner diameter of the wellbore that is being
drilled. The outer diameter of the tubing of the gathered pack may be in the range 4 to
12 inches (10 to 30 cm), preferably 6 to 10 inches (15 to 25 cm), more preferably 8 to 9
inches (20 to 23 cm), for example, 8.5 inches (21.6 cm), depending on the inner
diameter of the wellbore that is being drilled.

The length of the flexible tubing in the gathered pack should be at least as long
as the section of wellbore that is to be drilled through the lost circulation zone.

Suitably, the length of the flexible tubing of the gathered pack is in the range 30 to 5000
feet (9 to 1524 m) depending on the length of the lost circulation zone.

Where the gathered pack of flexible tubing is stored in the annular space formed
between the inner and outer tubes of the receptacle, it is preferred that the top of the
receptacle is closed. Suitably, the bottom of the receptacle may comprise a ring base
that supports the gathered pack of tubing and has sufficient clearance to enable the
tubing be withdrawn from the gathered pack. Suitably, the clearance is provided at or
near the outer wall of the tubular container. Preferably, the ring base is angled
downwardly thereby acting as a gnide means for the flexible tubing. For example the
ring may be flared outwardly from at or near the inner wall of the tubular container. It
is also envisaged that the upper end of the gathered pack may be locked or fixed in
place in the upper end of the receptacle in which case the ring base may be omitted.
Preferably, the outer tube is provided with a guide means to assist in turning the flexible
tubing inside out as it emerges from the base of the receptacle such that the outer
surface of the flexible tubing in the pack forms the inner surface of the liner that seals
the wellbore. Suitably, the liner is held against the wellbore wall owing to a pressure
differential that exists across the liner. Thus, the pressure in the annulus that is formed
between the liner and the drill string, P, is greater than the pressure in the formation, P,.
Suitably the pressure differential, AP, across the liner, (where AP = P-P,) is at least 100
psi (0.7Mpa), preferably, in the range 100 to 2000 psi (0.7 to 14 Mpa). Furthermore, the

pressure at the cutting surfaces of the drill bit, Ps, is greater than the pressure in the
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annulus, Py, thereby assisting in turning the flexible tubing inside out to form the liner.
The first end of the tubing that is withdrawn from the gathered pack is connected
either directly or indirectly to the radially expandable locking means such that
expansion of the locking means against the wellbore wall locks the end of the tubing in
place in the wellbore. An annulus is provided between the expanded locking means and
the drill string thereby allowing the drill string to move through the interior of the
expanded locking means. Suitably, the annulus has a radial width of at least 0.5 inch
(1.3 cm), preferably at least 1 inch (2.5 cm) such that there is sufficient clearance for the
drill string to move downwardly through the expanded locking means. Suitably, the
radially expandable locking means and hence the end of the tubing that is withdrawn
from the gathered pack is locked in place in the wellbore immediately above a loss
circulation zone of the formation. The radially expandable locking means may be
expanded using any suitable means known to the person skilled in the art. Typically,
the radially expandable locking means is hydraulically expanded using the fluid that is
pumped through the interior of thé drill string. For example, the radially expandable
locking means may be expanded by diverting the fluid to the radially expandable
locking means such that the locking means is hydraulically expanded against the
wellbore wall. Suitably, a ball may be dropped down the drill string to sit on a ring seal
provided in the interior of the drill string thereby activating a one-way valve that is in
fluid communication with the radially expandable locking means. As the fluid is
pumped down the drill string at a predetermined first pressure, the fluid will pass to the
expandable locking means via the one-way valve thereby hydraulically expanding the
locking means against the wellbore wall. Thus, the predetermined first pressure
matches the pressure required to expand the locking means against the wellbore wall.
Once the locking means has been radially expanded, the pressure of the fluid that is
being pumped down the drill string is increased to a predetermined second pressure
such that the ball that is seated on the ring seal is pushed downwardly into a catching
means and flow of fluid through the drill string to the drill bit is resumed. Preferably,
the end of the tubing that is withdrawn from the gathered pack is locked in place in the
wellbore by being sandwiched between the wellbore wall and the expanded locking
means. Suitably, the radially expandable locking means comprises a length of
expandable steel tubing arranged around the outside of the drill string. Preferably, the
end of the tubing withdrawn from the gathered pack is attached to the outer surface of
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the expandable steel tubing, for example, using a suitable adhesive. Preferably, the
expandable steel tubing has a length in the range 0.5 to 5 feet (15 to 152 cm), preferably |
0.5 to 1.5 feet (15 to 46 cm). Diversion of the fluid through the one-way valve will
hydraulically expand the expandable steel tubing against the wellbore wall thereby
sandwiching the plastic tubing between the wellbore wall and the expanded steel tubing
with an annulus being formed between the expanded steel tubing and the drill string.
The one-way valve is subsequently deactivated, for example, as described above and the
flow of the fluid is redirected to the drill bit.

The dﬁlling fluid is passed from the surface through the interior of the drill
string at a pressure, Py, to ports provided in the drill bit and out over the cutting surfaces
where the cuttings are entrained in the drilling fluid. There is a pressure drop over the
drill bit such that the pressure, P, at the cuttings surfaces of the drill bit is less than the
pressure, Py, in the interior of the drill string. The drilling fluid having cuttings
entrained therein (hereinafter “entrained cuttings stream”) is prevented from passing
directly back to the surface over the outside of the drill string owing to the fluid bartier
imposed by the withdrawn flexible tubing. Accordingly, a fluid by-pass is provided for
the entrained cuttings stream. For example, the interior of the drill string may be
provided with at least one conduit having an inlet below the cylindrical receptacle for
the gathered pack of tubing and an outlet above the cylindrical receptacle such that the
entrained cuttings stream passing through the conduit bypasses the cylindrical
receptacle. Alternatively, the cylindrical receptacle may itself be provided with a fluid
by-pass. The entrained cuttings stream then flows to the surface through the annulus
formed about the drill string in the standard manner.

In a further aspect of the present invention there is a provided a method of
sealing the wall of a wellbore as it is being drilled through a subterranean formation
using a drill string having a drill bit on the lower end thereof which method comprises
fitting the device of the present invention comprising the receptacle, the gathered pack
of tubing and the radially expandable locking means to the lower end of the drill string
and drilling a first section of wellbore, expanding the locking means against the
wellbore wall such that the first end of the tubing that is withdrawn from the gathered
pack is locked in place in the wellbore, drilling a second section of wellbore with the
movement of the drill string through the wellbore causing the tubing to be withdrawn

from the gathered pack and to be turned inside out thereby forming a liner for the
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second section of wellbore.

As discussed above, during drilling of the first and second wellbore sections, a
drilling fluid is passed through the interior of the drill string and through at least one
port in the drill bit to the cuttings surfaces of the drill bit where the drill cuttings are
entrained in the drilling fluid. The resulting entrained cuttings stream then flows
through a fluid by-pass for the cylindrical receptacle and into tﬁe annulus formed about
the drill string.

The present invenﬁon will now be illustrated by reference to the Figure.

A wellbore 1 is drilled to above a lost circulation zone 2 of a formation using a
drill string 3 having a drill bit 4 on the lower end thereof. A receptacle 5 for a
cylindrically gathered pack of tubing 6 is supported around the lower end of the drill
string 2 on a plurality of roller bearings 7. A first end of the gathered pack of tubing 6
is connected to a radially expandable locking means 8 and is locked in place in the
wellbore 1 at a position immediately above the lost circulation zone 2 by being
sandwiched between expanded locking means 8 and the wellbore wall. Drilling fluid is
passed from the surface through the interior of the drill string 3 at a pressure, P4, to ports
9 in the drill bit 4 and out over the cutting surfaces of the drill bit. A pressure drop exits
over the drill bit such that the pressure, P, at the cutting surfaces of the drill bit 4 is less
than pressure, P4, in the interior of the drill string. Drilling fluid having cuttings
entrained therein passes from the drill bit 4 to annulus 10 through a fluid by-pass 11
which has inlets (13) and outlets (14). A pressure drop exits over the fluid by-pass such
that the pressure, Ps, at the cutting surfaces of the drill bit 4 is greater than the pressure,
Py, in thé annulus 10. As the drill bit drills a continuation of the wellbore 1 through the
lost circulation zone 2, tubing is withdrawn from the gathered pack 5 and passes over
guide means 12 before being turned inside out to form a liner for the wellbore 1. The
liner is held against the wellbore wall owing to the pressure, Py, in the annulus 10 being
greater than the pressure, P», in the lost circulation zone 2 of the formation. Thus, the
pressure of the drilling fluid passing through the interior of the drill string, P4, is
maintained at a sufficiently high value that the pressure, Py, in the annulus 10 is
maintained at a higher pressure than the pressure of the lost circulation zone 2 of the

formation, P, (i.e. P4 >P3 > P; > P»).
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Claims:
1. A device for lining the wall of a wellbore (1) as it is being drilled through a
subterranean formation (2) using a drill string (3) having a drill bit (4) on the lower end
thereof, characterized in that the device comprises:
(a) areceptacle (5) for a cylindrically gathered pack of flexible tubing (6) and
(b) aradially expandable locking means (8) having means for directly or
indirectly attaching a first end of the tubing of the gathered pack
wherein
(i) the receptacle (5) for the gathered pack of flexible tubing (6) is capable of
being supported around the outside of the drill string (3) at or near the lower
end thereof on a plurality of bearings (7) thereby allowing the receptacle (5)
to remain stationary while the drill string (3) is rotated; and
(ii) the radially expandable locking meaﬁs (8) is capable of being expanded
against the wellbore wall thereby locking the first end of the flexible tubing
in place in the wellbore such that in use movement of the drill string (3)
through the wellbore (1) as it is being drilled causes the flexible tubing to be
withdrawn from the cylindrically gathered pack (6) and to be turned inside
out thereby providing a liner for the wellbore wall with the outer surface of
the tubing of the cylindrically gathered pack forming the inner surface of the
liner.
2. A device for lining the wall of a wellbore (1) as it is being drilled through a
subterranean formation (2) using a drill string (3) having a drill bit (4) on the lower end
thereof, characterized in that the device comprises (i) a cylindrically gathered pack of

flexible tubing, (6) (ii) a receptacle for the gathered pack (S) and (iii) a radially
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expandable locking means (8) having a first end of the tubing of the gathered pack (6)
connected either directly or indirectly thereto wherein the receptacle (5) for the gathered
pack of flexible tubing (6) is supported around the outside of the drill string (3) at or
near the lower end thereof on a plurality of bearings (7) thereby allowing the receptacle
to remain stationary while the drill string (3) is rotated and the radially expandable
locking means (8) is disposed on the drill string (3) such that, in use, the rédially
expandable locking means (8) is expanded against the wellbore wall thereby locking the
end of the flexible tubing in place in the wellbore (1) and movement of the drill string
(3) through the wellbore (1) as it is being drilled causes the flexible tubing to be
withdrawn from the cylindrically gathered pack (6) and to be turned inside out thereby
providing a liner for the wellbore wall with the outer surface of the tubing of the
cylindrically gathered pack forming the inner surface of the liner.

3. A device as claimed in claim 2 in which the flexible tubing is polyvinylchloride,

polyamide or high density polyethylene.

4, A device as claimed in claim 2 in which the flexible tubing has a wall thickness
of 0.1 to 2 mm.
5. A device as claimed in Claim 2 in which there is at least one conduit (11) within

the drill string (3), each conduit (11) having an inlet (13) below the receptacle for the
gathered pack of flexible tubing and an outlet (14) above the cylindrical receptacle.

6. A method of sealing the wall of a wellbore (1) as it is being drilled through a
subterranean formation using a drill string (3) having a drill bit (4) on the lower end
thereof which method comprises fitting a device as claimed in any one of claims 1 to 5,
comprising a receptacle (5), a gathered pack of tubing (6) and a radially expandable
locking means (8), to the lower end of a drill string (3) and drilling a first section of
wellbore, expanding the locking means (8) against the wellbore wall such that the first
end of the tubing that is withdrawn from the gathered pack (6) is locked in place in the
wellbore, drilling a second section of wellbore with the movement of the drill string (3)
through the wellbore causing the tubing to be withdrawn from the gathered pack (6) and
to be turned inside out thereby forming a liner for the second section of wellbore.

7. A method as claimed in claim 6 in which the locking means (8) is expanded
against the wellbore at a position immediately above a lost circulation zone (2) of the

formation that it is desired to seal.
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