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ABSTRACT OF THE DISCLOSURE

Methods, systems, and apparatus that are suitable for use in production of
hydrocarbons from subterranean heavy oil deposits employ a subterranean cavity in
communication with a borehole. The cavity is preferably formed along a U-tube borehole

by coiled tubing reaming operations and/or radial drilling and explosive blasting.
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METHODS, SYSTEMS, AND APPARATUS FOR PRODUCTION OF
HYDROCARBONS FROM A SUBTERRANEAN FORMATION

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] This invention relates to methods, systems, and apparatus for the production

of hydrocarbons from a subterranean formation.
Description of Related Art

f0002) Heavy oil from tar sand and bitumen deposits comprise significant resources
for hydrocarbons to the extent that they can be economically produced. Typically, such
heavy o1l is heated to reduce the o1l or mineral viscosity' before 1t will flow, or to enhance
flow. The predominant method for heating heavy o1l 1s the injection of a hot fluid from
the surface. One common industry practice typically referred to as “steam flooding” 1s
carried out by injecting steam through a designated injection well in order to heat the
surrounding hydrocarbons, which are produced simultaneously from one or more nearby
production wells. An altermate commercial practice typically referred to as “cyclic steam

stimulation” 1s carned out by intermittently injecting steam into a production well.

[0003] During the last decade, the steam-assisted gravity dramnage (SAGD) method
for recovering heavy oil has been extensively developed and is now the most common
technique utilized for heavy oil production in Canada. The process utilizes twin
horizontal wells drilled and extended into the base of a reservoir with the horizontal
steam injector placed directly above the horizontal production well. In an 1deal SAGD
process, a growing steam chamber forms around the horizontal injector, and steam flows
continuously to the perimeter of the chamber, where it condenses and heats the
surrounding oil. As the viscosity of the oil decreases, it drains to the horizontal
production well undemeath. Thus, the use of gravity increases the efficiency of oil

production.
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{0004] Such thermal stimulation methodologies are limited in their effectiveness and

efficiency 1n many operating environments.
BRIEF SUMMARY OF THE INVENTION

[0005] It is therefore an object of the present invention to provide methods, systems,
and apparatus that are suitable for use in production of hydrocarbons from subterranean

heavy oil deposits and that have improved effectiveness and efficiencies.

[0006] It is another object of the invention to provide methods, systems, and
apparatus for production of hydrocarbons from subterranean formations that provide

improved effectiveness and efficiencies in other applications.

[0007] In accord with these objects, which will be discussed in detail below,
production of hydrocarbons 1s carried out employing a U-tube borehole with one or more
enlarged cavities extending along the length of the U-tube borehole. The U-tube
borehole may be drilled using any suitable drilling apparatus and/or method. For
example, a U-tube borehole may be drilled using rotary drilling tools, percussive drilling
tools, or jetting tools. In the preferred embodiment, the U-tube borehole is drilled
utilizing two coiled tubing drilling rigs from two surface locations. One or more enlarged
cavities are formed along the length of the U-tube borehole. In the preferred
embodiment, the enlarged cavity(ies) are disposed along a horizontal section of the U-

tube borehole.

[0008] The enlarged cavity(ies) can be formed by a rotary underreamer with radial-
extendable cutting members as is well known in the art. In an illustrative embodiment, a
bidirectional reaming device as described herein can be used to form the enlarged
cavity(ies) along the length of the U-tube borehole. The bidirectional reaming tool is
suspended 1n the U-tube borehole by coiled tubing deployed by two coiled tubing rigs.
The tool includes two sets of cutting bits that are rotationally driven by corresponding
mud motors. The sets of cutting bits are extendable radially with respect to the housing
of the tool. The mud motors and the cutting bits are preferably operated in an alternating

manner such that the tool is moved back and forth in opposite directions along a section
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of the U-tube borehole in order to create the enlarged cavity along the length of the U-
tube borehole. Drilling fluid can be circulated to the tool in a dual circular configuration
as described herein. The drilling fluid serves as a lubricant for the cutting bits and as a

carrying medium for the cuttings produced by the cutting bits.

[0009] As a supplement to (or in lieu of) these reaming operations, a number of child
boreholes can be dnlled in a pattern that extends radially away from the parent U-tube
borehole. The child borehole pattern can be formed with a template guide as described
herein. Explosive charges can be placed at or near the end of one or more of the child
boreholes and then triggered to form an area of rubble around the U-tube borehole. The
bidirectional reaming tool as described herein (or another reaming tool) can be used to
break the rubble into smaller fragments and carry such fragments to the surface. These
reaming operations could also be enhanced by the use of jetting or hydromining that
flmidizes the produced fragments and hence eases transport to the surface. The removal of
the fragments forms an enlarged cavity that extends radially outward along a length of the
U-tube borehole. In the preferred embodiment, the enlarged cavity is formed along a

horizontal section of the U-tube borehole.

[0010] One or more expandable support members can be deployed into the enlarged
cavity(ies) formed as described herein for stability. In the preferred embodiment, the
expandable support member 1s loaded into coiled tubing in a collapsed configuration and
deployed from the coiled tubing within a cavity where it expands radially into an
expanded configuration that butts up against the wall of the cavity. In the expanded
configuration, the support member supports radial loads and thus provides stability to the

cavity while providing a central flow path for the flow of drilling fluids and production
flmids therethrough.

{0011] The U-tube borehole with one or more enlarged cavities as described herein
can be used for thermal recovery of heavy oil deposits. In one example, the U-tube
borehole with one or more enlarged cavities can be used as an injector well for steam
flooding and/or other vapor-assisted production applications. In another example, the U-

tube borehole with one or more enlarged cavities can be used as a production well for
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steam flooding and/or other vapor-assisted production applications. In yet another
example, the U-tube borehole with one or more enlarged cavities can be used as

-~ a well for cyclic vapor stimulation where the well is used to inject steam and/or

other high temperature vapor into a surrounding heavy oil deposit for a short

period of time and then returned to production.

[0012] It is possible for the fragments that are removed from the
U-tube borehole to be phase separated to thereby extract oil and water and

' possibly unwanted drilling fluids from the fragments. The resulting tailings can be

used to backfill the enlarged cavity(ies) and other parts of the U-tube borehole as
needed, thereby implementing a closed loop processing system for the fragments
of the U-tube borehole.

- [00123a] The present invention further relates to a method of recovering

hydrocarbons from a subterranean formation comprising: drilling a

U-tube borehole that extends between two distinct surface locations; and forming
at least one enlarged cavity along the length of the U-tube borehole by reaming
the subterranean formation around a portion of the U-tube borehole, wherein the
reaming is carried out by a bidirectional reaming tool that is suspended from two

 coiled ‘tubing rigs that are located at the two distinct surface locations.

[0012b] The present invention further relates to a system for recovering
hydrocarbons from a subterranean formation comprising: two coiled tubing rigs
that are located at two distinct surface locations, the rigs for drilling a

- U-tube borehole that extends between the two distinct surface locations: and

means for forming at least one enlarged cavity along the length of the

U-tube borehole, the means for forming at least one enlarged cavity comprising a
bidirectional reaming tool that is suspended from two coiled tubing rigs that are
located at the two distinct surface locations.

- [0013] The methodologies, systems and apparatus as described above can

be used for other hydrocarbon applications. For example, the methods and

apparatus for borehole enlargement can be used to form enlarged cavities that
extend radially from a vertical borehole section or other type borehole section.
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[0014] Additional objects and advantages of the invention will become
- apparent to those skilled in the art upon reference to the detailed description taken

in conjunction with the provided figures.
BRIEF DESCRIPTION OF THE DRAWINGS

5 [0015] FIG. 1 is a schematic diagram illustrating the drilling operations of a
- U-tube borehole in accordance with the present invention.

(0016} FIGS. 2A and 2B are schematic diagrams illustrating a bidirectional
reaming tool for reaming a section of the U-tube borehole of FIG. 1.

[0017] FIG. 3 is a schematic illustration of drilling fluid circulation that can
10 be used in conjunction with the reaming tool of FIGS. 2A and 2B in accordance

with the present invention.

4a
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[0018] FIG. 4 is a schematic illustration of a pattern of child boreholes that can

extend from a borehole section in accordance with the present invention.

[0019] FIG. 5 is a schematic illustration of a pattern of child boreholes that can
extend from a borehole section and explosive charges placed therein for creating a rubble

zone around the borehole section.

[0020] FIG. 6 is a schematic diagram of a template guide that can be used to drill the
child boreholes of FIG. 4 and/or FIG. 5.

[0021] FIG. 7 is a schematic illustration of expandable support members that are
deployed within the enlarged cavity formed along a borehole section and that
mechanically support the walls of the enlarged cavity in accordance with the present

invention.

DETAILED DESCRIPTION OF THE INVENTION

[0022] For the purposes of this specification, a U-tube borehole is a borehole which
includes two separate surface locations that are connected by at least one subterranean
path. The U-tube borehole may follow any path between the two surface locations (1t
being appreciated that the surface locations may be at different altitudes). In other words,

the U-tube borehole may be "U-shaped" but is not necessarily U-shaped.

[0023] The direction of a borehole can be represented by a vertical component (a
magnitude in the vertical direction) and a horizontal component (a magnitude in a
horizontal direction orthogonal to the vertical direction). A vertical borehole 1s a
borehole or borehole section that extends in a direction with a vertical component
significantly greater than a horizontal component. A horizontal borehole is a borehole or
borehole section that extends in a direction with a horizontal component significantly

greater than a vertical component.

[0024] In accordance with the present invention, production of hydrocarbons 1s

carried out employing a U-tube borehole with one or more enlarged cavities extending
along the length of the U-tube borehole. The U-tube borehole may be drilled using any
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suitable drilling apparatus and/or method. For example, a U-tube borehole may be drilled
using rotary drilling tools, percussive drilling tools, or jetting tools. In the preferred
embodiment, the U-tube borehole is drilled utilizing coiled tubing as described below in
more detail. Alternatively, jointed drill pipe or composite drill pipe can be used. Rotary
drilling tools for use in dnilling U-tube boreholes may include roller cone bits or

polycrystalline diamond cutter (PDC) bits.

[0025]  Steering of the drill string during drilling may be accomplished by using any
suitable steering technology, including steering tools associated with downhole motors,
rotary steerable tools, or coiled tubing orientation devices in conjunction with positive

displacement motors, turbines, vane motors, or other bit rotation devices.

[0026] Combinations of apparatus and/or methods may also be used in order to drill a
U-tube borehole. Drill strings and pipe incorporating the drilling apparatus may include
ancillary components such as measurement-while-drilling (MWD) tools, non-magnetic

dnll collars, stabilizers, or reamers.

[0027] The U-tube borehole may be drilled as a single borehole from a first end at a
first surface location to a second end at a second surface location. Alternatively, the U-
tube borehole may be drilled as two separate but intersecting boreholes as described in
detail in U.S. Patent Application Publication No. 2006/0124360, incorporated by

reference in its entirety.

[0028] In the preferred embodiment, the U-tube borehole is drilled utilizing two
coiled tubing drilling ngs from two surface locations as shown in FIG. 1. Coiled tubing
comprises a continuous length of uniform outer diameter tubing (typically several
hundred to several thousand feet), which is capable of being repeatedly coiled and
uncoiled from a truckable spool, and which is capable of being repeatedly inserted into
and withdrawn from the borehole. The continuous lengths are typically, although not
necessarily, manufactured of steel having a longitudinally welded seam. The coiled
tubing rigs include coiled tubing injectors which are capable of running and operating the
colled tubing within the borehole. For drilling purposes, a bottomhole assembly that

Includes a mud motor and drill bit are suspended from the coiled tubing. Drilling fluid is
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supplied to the mud motor, which converts the hydraulic power carried by the drilling
fluid into rotation that rotationally drives the drill bit. Fluid can also be passed through
the coiled tubing for a variety of purposes, such as for lubricating the drill bit and for
carrying cuttings produced by the drill bit back to the surface. Being flexible, coiled
tubing is particularly useful for horizontal borehole applications as described herein. In
the 1llustrative embodiment shown in FIG. 1, a coiled tubing rig 101 A located at a first
surface location 102A is operated to deploy coiled tubing 103 A and drill a first segment
105A as shown. A second coiled tubing rig 101B located at a second surface location

- 102B 1s operated to deploy coiled tubing 103B and drill a second segment 105B. The
first and second segments 105A, 105B intersect one another to thereby realize a U-tube
borehole 107 extending between the first and second surface locations 102A, 102B. One
or more parts of the first segment 105A and/or one or more parts of the second segment
105A can be lined or cased or otherwise stabilized, if needed. As depicted 1in FIG. 1, the
first segment 105A includes a vertical section 111A extending to a curved section 113A
(typically referred to as a “heel” section), which extends to a horizontal section 115A
(typically referred to as a “toe” section). Similarly, the second segment 105B includes a
vertical section 111B extending to a curved section 113B (typically referred to as a “heel”
section), which extends to a horizontal section 115B (typically referred to as a “toe”
section). The ends of the horizontal sections 115A, 115B intersect one another to realize
a “toe-to-toe” intersection. Other configurations are possible. For example, the
horizontal section 115B can intersect the horizontal section 115A along any part of the
horizontal section 115A. In another example, the horizontal section 115A can intersect
the horizontal section 115B along any part of the horizontal section 115B. In yet another
example, horizontal section 115A can intersect curved section 113B or vertical section

111B, or horizontal section 115B can intersect curved section 113A or vertical section
111A.

[0029] One or more enlarged cavities are formed along the length of the U-tube
borehole 107. In the preferred embodiment, the enlarged cavity(ies) are disposed along
the horizontal section (115A, 115B) of the U-tube borehole 107. The enlarged cavity(ies)
can be formed by a rotary underreamer with radially-extendable cutting members as is

well known 1n the art. The cutting members can be extended radially outward by
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hydraulic means, by mechanical means (e.g., a wedge-shaped actuator or other linkage
actuator), by centrifugal forces caused by rotation of the device, or by other suitable

means. Other means can be used to realize the enlarged cavity(ies).

[0030] In anillustrative embodiment, a bidirectional reaming device as shown in
FIGS. 2A and 2B is used to form one or more enlarged cavities (one shown as 210) along
the length of the U-tube borehole 107. The bidirectional reaming tool 200 1s suspended
in the U-tube borehole 107. One end of the reaming tool 200 1s coupled to the coiled
tubing deployed by coiled tubing rig 101 A and the other end of the reaming tool 200 1s
coupled to coiled tubing deployed by coiled tubing rig 101B similar to the configuration
shown in FIG. 1. The reaming tool 200 includes two sets of cutting bits 202A, 202B that
are rotationally driven by corresponding mud motors 204A, 204B. The sets of cutting
bits 202A, 202B are extendable radially with respect to the housing of the reaming tool
200 by hydraulic means, by mechanical means (e.g., a wedge-shaped actuator or other
linkage actuator), by centrifugal forces caused by rotation of the device, or by other
suitable means. The mud motor 204 A is operated by hydraulic pressure supplied by the
coiled tubing deployed from coiled tubing rig 101 A. The mud motor 204B 1s operated by
hydraulic pressure supplied by the coiled tubing deployed from coiled tubing rig 101B.
The coiled tubing rigs 101A, 101B preferably apply axial forces to the reaming tool 200
to control movement of the tool along the length of the U-tube borehole. Downhole
thrusters can be used to aid in applying such axial forces as needed. A drill bit 208 can
be provided to allow for reaming operations for clearance of the tool if needed. The mud
motors 204A, 204B and the cutting bits 202A, 202B are preferably operated in an
alternating manner such that the reaming tool 200 1s moved back and forth in opposite
directions along a section of the U-tube borehole 107 in order to create the enlarged
cavity 210 along the length of the U-tube borehole 107. FIG. 2A illustrates the operation
of the mud motor 204 A and cutting bits 202A whereby the cutting bits 202A are radially
extended and rotated to cut into the formation along the U-tube borehole 107 as axial
forces are applied to cutting bits 202 A along direction 206A. During such operations, the
cutting bits 202B are positioned in a retracted position and thus do not extend radially
away from the tool toward the formation. FIG. 2B 1llustrates the operation of the mud
motor 204B and cutting bits 202B whereby the cutting bits 202B are radially extended
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and rotated to cut into the formation along the U-tube borehole 107 as axial forces are
applied to cutting bits 202B along direction 206B. During such operations, the cutting
bits 202A are positioned in a retracted position and thus do not extend radially away from
the tool toward the formation. During such borehole enlargement operations, drilling
fluid is preferably circulated in a dual circular configuration as shown in FIG. 3. More
specifically, drilling fluid is supplied down the coiled tubing sections 103A, 103B to
operate the respective mud motors 204A, 204B and then injected adjacent the
corresponding cutting bits 202A, 202B. The drilling fluid serves as a lubricant for the
cutting bits and as a carrying medium for the cuttings produced by the cutting bits. The
drilling fluid returns back to the respective surface locations 102A, 102B in the annulus
between the borehole segments 105A, 105B and the coiled tubing sections 103A, 103B

as shown.

[0031] As a supplement to (or in lieu of) the reaming operations discussed above, a
number of child boreholes (for example, twelve labeled 301 as shown in FIG. 4) can be
drilled in a pattern that extends radially away from the U-tube borehole 107. The child
boreholes of the pattern (labeled 301°) can overlap one another as shown in FIG. 5. The
child boreholes can extend radially away from the U-tube borehole 107 in a plane
generally transverse to the U-tube borehole 107. The child boreholes can also extend
radially away from the U-tube borehole 107 in a three dimensional pattern whereby the
child boreholes do not lie in such a transverse plane. Explosive charges 303 can be
placed at or near the end of one or more of the child boreholes as shown in FIG. 5. The
explosive charges are triggered to form an area of rubble around the U-tube borehole 107.
The triggering of the explosive charges can occur simultaneously, in sequence, or a
combination of both. The layout of the pattern of child boreholes, as well as the
triggering sequence of explosive charges therein, if used, can be dictated by
geomechanical modeling in order to optimize stability. The bidirectional reaming tool
200 as described above (or another reaming tool) can be used to break the rubble into
smaller fragments and carry such fragments to the surface. These reaming operations can
also be enhanced by the use of jetting or hydromining that fluidizes the produced
fragments and hence eases transport to the surface. The removal of the fragments forms
an enlarged cavity that extends radially outward along a length of the U-tube borehole
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107. In the preferred embodiment, the enlarged cavity is formed along the horizontal
sections (115A, 115B) of the U-tube borehole 107.

[0032] The child borehole pattern as described above 1s preferably formed with a
template guide 601 as shown in FIG. 6. This template guide 601 is cylindrical in shape
with a top surface 603 opposite a bottom surface 605 and a curved side surface 607
therebetween. A set of borehole guides (for example, four shown as 608A, 608B, 608C,
608D) extend from inlet ports (609A, 609B, 609C, 609D) on the top face surface 603 to
outlet ports (610A, 610B, 610C, 610D) in the side surface 607. The drill pipe (or drill
string) is inserted into the inlet port of each borehole guide and forced out the respective
outlet port for guided drilling. The orientation of the drill pipe as 1t exits the outlet ports
of the guide is designed to produce the desired child borehole pattern.

[0033] It is also contemplated that one or more expandable support members can be
deployed into the enlarged cavity(ies) formed as described herein for stability. In the
preferred embodiment, the expandable member is loaded into coiled tubing in a collapsed
configuration and deployed from the coiled tubing (preferably deployed from the end of a
coiled tubing string) within a cavity where it expands radially into an expanded
configuration that butts up against the wall of the cavity. The radial expansion of the
support member can be effectuated automatically (by springs or shape memory effects of
the material of the expansion members) or by hydraulic or pneumatic actuation. In the
expanded configuration, the support member supports radial loads and thus provides
stability to the cavity while providing a central flow path for the flow of drilling fluids
and production fluids therethrough as shown in FIG. 7. Exemplary support members are

shown in U.S. Patent No. 7,191,842, incorporated herein by reference in its entirety.

[0034] The operations described above can be repeated for multiple sections of the U-

tube borehole 107 to form multiple enlarged cavities along the length of the U-tube
borehole 107.

[0035] The U-tube borehole with one or more enlarged cavities as described herein
can be used for thermal recovery of heavy oil deposits. In one example, the U-tube

borehole with one or more enlarged cavities can be used as an injector well for steam

10
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flooding and/or other vapor assisted production applications. In these applications, the
enlarged cavity(ies) of the U-tube borehole provide a greater area of influence of high
temperature vapor than that previously achieved by the prior art. Insulated concentric
coiled tubing can be deployed in the U-tube borehole to deliver the high temperature
vapor to the enlarged cavity and other injection sites therein. Other mechanisms can be
used to produce or enhance the production of o1l. For example, a sonic source can be
deployed in or adjacent to the enlarged cavity(ies) of the borehole to aid in reducing the
viscosity of nearby heavy oil deposits. In another example, exothermic reactions can be
carried out in or adjacent to the enlarged cavity(ies) of the borehole to aid in reducing the

viscosity of nearby heavy o1l deposits.

[0036] In another example, the U-tube borehole with one or more enlarged cavities as
described herein can be used as a production well for steam flooding and/or other vapor-
assisted production applications. In such applications, one or more injector wells (for
example, an array of U-tube boreholes) are preferably disposed above the production U-
tube borehole for heating the surrounding heavy o1l deposits. The enlarged cavity(ies)
and possibly other parts of the production U-tube borehole are used to capture oil that is
released from the formation surrounding the production U-tube borehole. In these
applications, the enlarged cavity(ies) of the U-tube borehole provide a greater area of
capture of the released oil than that previously achieved by the prior art.

[0037] In yet another example, the U-tube borehole with one or more enlarged
cavities as described herein can be used as a well for cyclic vapor stimulation where the
well 1s used to inject steam and/or other high temperature vapor into a surrounding heavy
o1l deposit for a short period of time and then returned to production. In these
applications, the enlarged cavity(ies) of the U-tube borehole provide an increased area of
influence of heat (during heating) and a greater area of capture of the released oil (during

production) than that previously achieved by the prior art.

[0038] It is possible for the fragments that are removed from the U-tube borehole to
be phase separated to thereby extract oil and water, and possibly unwanted drilling fluids,
from the fragments. The resulting tailings can be used to backfill the enlarged cavity(ies)

11
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and other parts of the U-tube borehole as needed, thereby implementing a closed loop
processing system for the fragments from the U-tube borehole.

[0039] The methodologies, systems and apparatus as described above can be used for
other hydrocarbon applications. For example, the methods and apparatus for borehole
enlargement can be used to form enlarged cavities that extend radially from a vertical

borehole section or other type borehole section.

[0040] There have been described and illustrated herein methods, systems, and
apparatus that are suitable for use in production of hydrocarbons from subterranean heavy
o1l deposits, wherein one or more subterranean cavities are formed along a length of a
borehole. The cavity 1s preferably formed along a U-tube borehole by coiled tubing
reaming operations and/or radial drilling and explosive blasting. While particular
embodiments and applications of the invention have been described, it is not intended
that the invention be limited thereto, as it 1s intended that the invention be as broad in
scope as the art will allow and that the specification be read likewise. It will therefore be
appreciated by those skilled in the art that yet other modifications could be made to the

provided invention without deviating from its scope as claimed.

12
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- CLAIMS:

1. A method of recovering hydrocarbons from a subterranean formation

comprising:

drilling a U-tube borehole that extends between two distinct surface

~ locations; and

forming at least one enlarged cavity along the length of the
U-tube borehole by reaming the subterranean formation around a portion of the
U-tube borehole, wherein the reaming is carried out by a bidirectional reaming tool
that is suspended from two coiled tubing rigs that are located at the two distinct
surface locations.

2. A method according to claim 1, wherein the at least one enlarged
cavity is disposed along a horizontal section of the U-tube borehole.

3. A method according to claim 1, wherein the drilling is carried out by

~ two coiled tubing rigs that are located at the two distinct surface locations.

4. A method according to claim 1, wherein the bidirectional reaming
tool comprises two sets of cutting bits that are rotationally driven by corresponding
mud motors for reaming in opposite axial directions along the U-tube borehole, the

~ mud motors operated by the two coiled tubing rigs.

d. A method according to claim 1, wherein during the reaming, the two
coiled tubing rigs each circulate drilling fluid down through coiled tubing to the
reaming tool for lubricating the reaming tool and for carrying cuttings produced by
the reaming tool back to the respective surface locations in the annujus between

- the U-tube borehole and the coiled tubing.

6. A method according to claim 1, wherein the at least one enlarged
cavity is formed by:

drilling a pattern of child boreholes that extend radially outward with

. respect to the U-tube borehole;

13
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triggering explosive charges disposed at or near the ends of said
child boreholes to form rubble around said U-tube borehole: and

breaking up the rubble into fragments and carrying the fragments to

the surface.

7. A method according to claim 6, wherein a number of the child
boreholes overlap one another.

8. A method according to claim 6, wherein the child boreholes extend

' generally in a horizontal plane transverse to the central axis of a section of the

U-tube borehole.

9. A method according to claim 6, wherein the child boreholes extend
radially in a three dimensional pattern with respect to the central axis of a section

~ of the U-tube borehole.

10. A method according to claim 6, wherein the child boreholes are
formed with a template guide that is cylindrical in shape with a top surface
opposite a bottom surface and a curved side surface therebetween, wherein a set
of borehole guides extend from inlet ports on the top face surface to outlet ports in

- the side surface.

11. A method according to claim 10, wherein a drill member is inserted
into the inlet port of a given borehole guide and forced out the outlet port of the
given borehole guide for guided drilling.

12, . A method according to claim 6, further comprising, while breaking up

the rubble into fragments, fluidizing the fragments for ease of transport to the
surface.

13. A method according to claim 6, wherein reaming is used to break up

the rubble into fragments.

14, A method according to claim 13, wherein the reaming is carried out

by a bidirectional reaming tool comprising two sets of cutting bits that are

14
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rotationally driven by corresponding mud motors for reaming in opposite axial
directions along the U-tube borehole, the mud motors operated by the two coiled

tubing rigs.

18. A method according to claim 1, further comprising deploying at least
5 one expandable support member within the enlarged cavity, the expandabie
support member having an expanded state for support of the enlarged cavity.

16. A method according to claim 15, wherein the expandable support
member provides a fluid flow path in its expanded state.

17. A method according to claim 1, further comprising forming a number
10 of enlarged cavities along the length of the U-tube borehole.

18. A method according to claim 1, wherein the U-tube borehole with the
~ at least one enlarged cavity formed therein is used as an injector well for steam
flooding and/or other vapor-assisted production applications.

19, A method according to claim 18, further comprising deploying
15 Insulated concentric coiled tubing in the U-tube borehole to deliver high
~ temperature vapor to the at least one enlarged cavity.

20. A method according to claim 1, further comprising deploying a sonic
source in or adjacent to the at least one enlarged cavity of the U-tube borehole to
aid in reducing the viscosity of nearby heavy oil deposits.

20 21. A method according to claim 1, further comprising carrying out an
exothermic reaction in or adjacent to the at least one enlarged cavity of the
U-tube borehole to aid in reducing the viscosity of nearby heavy oil deposits.

22. A method according to claim 1, wherein the U-tube borehole with the
at least one enlarged cavity formed therein is used as a production well for steam
25 . flooding and/or other vapor-assisted production applications. \

15
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23. A method according to claim 22, wherein the at least one enlarged
cavity is used to capture oil that is released from the formation adjacent the

‘ p-roduCtion well.

24. A method according to claim 22, wherein an array of
5 U-tube boreholes are disposed above the production well for heating oil in the

formation adjacent the production well.

25, A method according to claim 1, wherein the U-tube borehole with the
at least one enlarged cavity formed therein is used as a well for cyclic vapor
stimulation where the well is used to inject steam and/or other high temperature

10 vapor into a surrounding heavy oil deposit for a short period of time and then
returned to production.

26. A method according to claim 1, further comprising:

processing fragments that originate from the U-tube borehole to
extract unwanted components therefrom to thereby generate a supply of tailings;
15 and

using the supply of tailings to backfill the U-tube borehole.

27. A system for recovering hydrocarbons from a subterranean
formation comprising:

two colled tubing rigs that are located at two distinct surface
20 locations, the rigs for drilling a U-tube borehole that extends between the two

distinct surface locations; and

means for forming at least one enlarged cavity along the length of
the U-tube borehole, the means for forming at least one enlarged cavity
~ comprising a bidirectional reaming tool that is suspended from two cbiled tubing
25 rigs that are located at the two distinct surface locations.

28. A system according to claim 27, wherein the at least one enlarged
cavity is disposed along a horizontal section of the U-tube borehole.

16
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29. A system according to claim 27, wherein the bidirectional reaming

~ tool comprises two sets of cutting bits that are rotationally driven by corresponding

mud motors for reaming in opposite axial directions along the U-tube borehole, the
mud motors operated by the two coiled tubing rigs.

30. A system according to claim 29, further comprising means for

~ circulating drilling fluid down through coiled tubing to the reaming tool for

lubricating the reaming tool and for carrying cuttings produced by the reaming tool
back to the respective surface locations in the annulus between the
U-tube borehole and the coiled tubing.

31. A system according to claim 27, wherein the means for forming the

. at least one enlarged cavity comprises:

means for drilling a pattern of child boreholes that extend radially
outward with respect to the U-tube borehole, wherein explosive charges disposed
at or near the ends of said child boreholes are triggered to form rubble around

said U-tube borehole, and

means for breaking up the rubble into fragments and carrying the

fragments to the surface.

32. A system according to claim 31, wherein a number of the child

boreholes overlap one another.

33. A system according to claim 31, wherein the child boreholes extend

generally in a horizontal plane transverse to the central axis of a section of the
U-tube borehole.

34. A system according to claim 31, wherein the child boreholes extend

- radially in a three dimensional pattern with respect to the central axis of a section

of the U-tube borehole.

35. A system according to claim 31, further comprising a template guide
for drilling the child boreholes, the template guide being cylindrical in shape with a
top surface opposite a bottom surface and a curved side surface therebetween,

17
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- wherein a set of borehole guides extend from inlet ports on the top surface to

outlet ports in the side surface.

36. A system according to claim 35, further comprising a drill member
that is inserted into the inlet port of a given borehole guide and forced out the
outlet port of the given borehole guide for guided drilling.

37. A system according to claim 31, further comprising means for
fluidizing the fragments for ease of transport to the surface.

38. A system according to claim 31, further comprising a reaming tool
that breaks up the rubble into fragments.

39. A system according to claim 38, wherein the reaming tool comprises
a bidirectional reaming tool including two sets of cutting bits that are rotationally
driven by corresponding mud motors for reaming in opposite axial directions along
the U-tube borehole, the mud motors operated by the two coiled tubing rigs.

- 40, A system according to claim 27, further comprising means for

deploying at least one expandable support member within the enlarged cavity, the
expandable support member having an expanded state for support of the enlarged
cavity.

41. A system according to claim 40, wherein the expandable support

" member provides a fluid flow path in its expanded state.

42. A system according to claim 27, wherein the U-tube borehole with
the at least one enlarged cavity formed therein is used as an injector well for
steam flooding and/or other vapor-assisted production applications.

43, A system according to claim 42, further comprising insulated

concentric coiled tubing deployed in the U-tube borehole to deliver high
temperature vapor to the at least one enlarged cavity.

18
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44. A system according to claim 27, further comprising a sonic source
deployed in or adjacent to the at least one enlarged cavity of the U-tube borehole

- to aid in reducing the viscosity of nearby heavy oil deposits.

45. A system according to claim 27, further comprising means for
carrying out an exothermic reaction in or adjacent to the at least one enlarged
cavity of the U-tube borehole to aid in reducing the viscosity of nearby heavy oil

deposits.

46. A system according to claim 27, wherein the U-tube borehole with
the at least one enlarged cavity formed therein is used as a production well for
steam flooding and/or other vapor-assisted production applications.

47. A system according to claim 46, wherein the at least one enlarged

- cavity is used to capture oil that is released from the formation adjacent the

production well.

48. A system according to claim 46, wherein an array of
U-tube boreholes are disposed above the production well for heating oil in the

formation adjacent the production well.

49. A system according to claim 27, wherein the U-tube borehole with
the at least one enlarged cavity formed therein is used as a well for cyclic vapor
stimulation where the well is used to inject steam and/or other high temperature
vapor into a surrounding heavy oil deposit for a short period of time and then

- returned to production.

19
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