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prevent fluid flow therethrough, and sealing the tubing-casing annulus with a second sealing apparatus above and spaced apart
from the first sealing apparatus. In certain aspects the sealing apparatuses provide upper and lower spaced-apart primary barriers.
The methods In additional aspects include making an exit opening through the tubing and an exit opening through the casing, each
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CA 02373152 2001-11-09

PCT WORLD INTELLECTUAL PROPERTY ORGANIZATION
International Bureau

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification 7 : (11) International Publication Number: WO 00/70183
E21B 7/06, 29/00, 29/02, 43/30 Al . o
(43) International Publication Date: 23 November 2000 (23.11.00)
(21) International Application Number: PCT/GB00/01696 | (74) Agent: HARDING, Richard, Patrick; Marks & Clerk, 4220
Nash Court, Oxford Business Park South, Oxford, Oxford-
(22) International Filing Date: 4 May 2000 (04.05.00) shire OX4 ZRU (GB).

(30) Priority Data:
09/312,140 14 May 1999 (14.05.99) US

(71) Applicant: WEATHERFORD / LAMB, INC. [US/US]; Suite
600, 515 Post Oak Boulevard, Houston, TX 77027 (US).

(71) Applicant (for GB only): HARDING, Richard, Patrick
[GB/GBl; Marks & Clerk, 4220 Nash Court, Oxford
Business Park South, Oxford, Oxfordshire OX4 2RU (GB).

(72) Inventors: ROBERTS, John, D.; 16423 Fox Crossing Lane,
Spring, TX 77379 (US). LONGBOTTOM, James; 25311
Winding Creek Court, Magnolia, TX 77353 (US). HAU-
GEN, David, M.; 408 N. Iova Avenue, League City, TX
77573 (US). DAWSON, Alex; "Aultgowrie", 124 Moss
Street, Keith, Grampian ABSS SEZ (GB). DUGUID, David;
22 Hilltop Drive, Westhill, Aberdeen, Grampian AB32 6PL
(GB). MIDDLETON, Frank, Alexander; Weatherford Oil
Tools Middle East Ltd., P.O. Box 4627, Dubai (AE). BING-
HAM, Bnan; 6509 Lauren Lane, Pearland, TX 77584 (US).

HORST, Todd; 1629 West Main Street, Houston, TX 77006
(US).

(81) Designated States: AU, CA, GB, NO, European patent (AT,
BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, IT, LU,
MC, NL, PT, SE).

Published
With international search report.

(54) Title: IN-TUBING WELLBORE SIDETRACKING OPERATIONS

(37) Abstract

Methods are disclosed for wellbore operations in an earth wellbore with tubing within casing in
an earth wellbore, the wellbore extending down into earth from an earth surface, the tubing including a
tubing string with a lower end and extending down within the casing with the lower end at a point above
a lower end of the casing, a tubing—casing annulus between the tubing and the casing sealed by a first
sealing apparatus, the method including sealing the lower end of the tubing string with a sealing device
to prevent fluid flow therethrough, and sealing the tubing casing annulus with a second sealing apparatus
above and spaced apart from the first sealing apparatus. In certain aspects the sealing apparatuses provide
upper and lower spaced—apart primary barriers. The methods in additional aspects include making an exit
opening through the tubing and an exit opening through the casing, each exit opening located between
the first sealing apparatus and the second sealing apparatus. In other aspects the methods include drilling
a lateral wellbore from the exit opening through the casing. Apparatus is disclosed that is useful in such

methods.
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IN-TUBING WELLBORE SIDETRACKING OPERATIONS

The present invention is directed to wellbore operations, In-tubing sidetracking
operations, wellbore milling procedures, and apparatuses and systems useful 1in such

operations and procedures.

Many completed wells have one or more strings of tubing extending within
casing from the surface (or from a tubing hanger) down within the well to a location
above completion apparatus in a completion zone. Typically the interface at the lower
end of the tubing string and the interior of well casing is sealed, e.g. with a packer or
other sealing device. It is also common for a travel joint between the packer and tubing

end to accommodate relative movement between the two.

Often it is desirable to produce the well from alternate zones, including, but not
limited to. a location above the packer at the end of the tubing string. In several prior
art methods, the tubing string is removed to accomplish a sidetracking operation above
the level of the original completion zone. Once the tubing is removed a new annulus or

primary barrier is installed above a new tubing-casing exit from which a new lateral

wellbore extends.

In various prior art methods, new exits (exit openings through tubing, cement
and casing) have been provided, and new lateral wellbores drilled therefrom, with the
exits positioned below an existing annulus barrier. Such exits and lateral wellbores
have been established using coiled tubing without requiring the use of a rig above the

wellbore.

Often it is desirable to move up above a current completion zone due to, €.g.,
offset distance of a new drainage target which requires a well path beginning at a higher
point in the wellbore due to maximum build angles versus the distance a well can be

drilled due to friction of pipes pushed around curves 1n the wellbore.

There has long been a need for an efficient and effective method for re-

completing a well in tubing above a previous completion location. There has long been
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a need for such a method that efficiently and effectively provides a suitable opening or
window through tubing and casing for dnlling a sidetracked lateral wellbore at a desired
re-completion location. There has long been a nced, recognized by the present
inventors, for stabihizing tubing at the desired re-completion location. There has long
been a need for such a system and method wherein a new primary barrier 1s provided

without the need to remove an entire tubing string.

The invention provides a method of performing wellbore operations in a
wellbore having a tubing string extending down within casing, the lower end of the
tubing string being above the lower end of the casing, and a tubing-casing annulus
between tubing in the tubing string and the casing sealed by a first sealing apparatus.
The method comprises: sealing the lower end of the tubing string with a sealing device
to prevent fluid flow therethrough; removing a section of tubing above the first sealing
apparatus; moving a second sealing apparatus to the area from which the section of
tubing has been removed; and sealing the tubing-casing annulus with the second sealing

apparatus.

The present invention, in certain aspects, provides a method for wellbore
6perations in an earth wellbore with tubing within casing in an earth wellbore, the
wellbore extending down into earth from an earth surface, the tubing compnsing a
‘tubing string with a lower end and extending down within the casing with the lower end
at a point above a lower end of the casing, a tubing-casing annulus between the tubing
and the casing sealed by a first sealing apparatus, the method including sealing the
lower end of the tubing string with a sealing device to prevent fluid flow therethrough,
and sealing the tubing-casing annulus with a second sealing apparatus above and spaced

“

apart from the first sealing apparatus.

The present invention, in certain embodiments, discloses a through-tubing In-
tubing system for providing a tubing/casing exit above a first completion zone in a main
wellbore for dniling a new lateral wellbore from the main wellbore. In one embodiment

in which a tubing-casing annulus ts initially sealed off at a lower end for production
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below the tubing, another seal is provided within the tubing-casing annulus above and
spaced apart from the lower seal. Then the tubing is perforated between the two seal
areas, preferably without perforating the casing. In one aspect a travel joint, (including,
but not limited to, a commercially available ELTSR receptacle from Baker Oil Tools)
part of which encompasses the lower end of the tubing, is also perforated. Cement,
resin or other suitable hardenable material is then pumped from the surface, down the
interior of the tubing string, out through the perforations, and up into the annulus
between the tubing's exterior and the casing's interior to such a level to stabilize a
portion of the tubing for making one or more exit openings in the tubing and casing

below that cement level.

The exit opening(s) are made with any suitable known apparatuses, equipment
and methods, including, but not limited to, with a mill or mills, jet cutter(s), and
explosives. In certain aspects, a diverter, mill guide, and/or whipstock is positioned and
secured for directing a mill or mills against the tubing and/or casing. A suitable mill or
mills are then used to make the exit opening(s) or window(s). In one aspect the mill or
mills are run on a string rotatable from the surface. In another aspect, a coiled tubing
string is used that includes a downhole motor for rotating a mill. Such a coiled tubing
string may be used within the tubing that does not necessitate removal of the tubing
string from the well or removal of a wellhead at the surface. The emplacement of the

seal apparatus and perforating of the tubing can also be done without removal of the

wellhead.

Once the exit opening(s) are provided, a lateral wellbore may be dnlled out

("sidetracked") from the casing exit as desired. The lateral wellbore may then be Iined

or cased as is well known 1n the art.

In another embodiment, following sealing of the tubing, cementing, and
sidetracking, a jet cutter is lowered 1nto the tubing to sever the tubing above the sealing
apparatus. The entire tubing string 1s then raised at the surface and re-hung to provide a

desired gap, e.g. of 30 feet in length, at a desired location down in the wellbore for

installing a new upper primary barrier.
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In yet another embodiment, following sealing of the tubing, cementing, and
sidetracking as descnbed above, an explosive device i1s run into the tubing and
positioned adjacent the area at which a tubing gap is desired. One or more selectively
activatable holding subs, e.g. but not limited to, the "button subs"™ or “hold downs”
disclosed in U.S. Patent 5,785,120, are activated by pumping flmid under pressure down
the tubing stning to secure the explosive device in position. Altematively mechanical
anchors or the like may be used. A fluid préssure-aotivated finng head- of the explosive
device 1s activated by pumping fluid under pressure down the tubing stnng. The finng
head simultaneously fires three separate charges: 1. a top charge that severs the tubing
at a top level; 2. a bottom charge that severs the tubing at a bottom level; and 3. a
slotting charge that fires to produce a series of longitudinal slots and corresponding
fingers in and around the severed tubing. The explosive device is connected at the end
of a tubing or coiled tubing stnng which 1s then lowered, pushilig the housing of the
e{cplo#ivc device down into the remaining tubing. The button sub(s) hold the severed
tubing and, as the severed tubing is lowered, the fingers go down between the tubing's
externior and the casing's intenor, creating an open axial gap in the tubing. The button
sub(s) are then released and the housing of the explosive device is retrieved from the
tubing. A sealing apparatus, e.g. an inflatable packer, a mechanical packer, either of
which may be a through-tubing packer 1s then run mto the tubing on a tubing string or
on coilled tubing and positioned at the gap 1n the tubing. Activating the packer seals off

the tubing/casing annulus. The stnng 1s then released from the packer and retneved

from the wellbore.

In another embodiment a system with a mill and a downhole motor on cotled
tubing is positioned with a mill adjacent the desired location for removal of a section of
the tubing. The system 1is secured in place within the tubing with any suitable
securement apparatus, including, but not hmited to, one or more of the button subs
discussed above. The system also 1ncludes a movément or stroking apparatus, e.g., but
not hmited to, that disclosed in Figs. 1A - 1E of U.S. patent 5,785,120 and
accompanying text or in United States Patent 6,142,230, November 7, 2000. The
cotled tubing string includes a.downholc motor that rotates the mill as the stroking
apparatus pulls the cotled tubing and, hence, the mill upwardly to mill out the desired

gap 1n the tubing. Depending on the length of the stroke of the stroking apparatus and
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the length of a desired milled gap in the tubing, more than one stroke may be needed.
Altemativeiy any known milling or cutting system and method, including those 1n
which a mill mills downwardly upwardly, or both and is supported from the surface

and/or within the tubing below the surface may be used.

In any method described herein the stabilization and/or perforating and
cementing steps may be optional. It is also to be understood that whenever a sealing
apparatus is mentioned it may, within the scope of this invention, be any known suitable
inflatable or mechanical packer (including but not limited to hydraulically set packers,

mechanically set packers, and hydraulically set mechanical packers).

It is, therefore, an object of at least certain preferred embodiments of the present
invention to provide: new methods for re-completing a well above a previous
completion zone; such methods which do not require removal of a wellhead and related
equipment from a wellbore; such methods which provide a new primary barrier around
a tubing string above a new completion zone; such methods which do not require re-
installation of a drilling rig; such methods which employ stabilization of a portion of
tubing in a wellbore prior to making a tubing exit through that tubing portion; such
methods which do not require the removal of a tubing string to provide a new exit above
a previous completion zone in an area through which a tubing string extends; and

apparatus and equipment useful in such methods.

Some preferred embodiments of the invention will now be described by way of

example only and with reference to the accompanying drawings in which:

Fig. 1A is a side schematic cross-section view of a wellbore with a casing and

tubing string therein;

Figs. 1B - 1I are side schematic views in cross-section showing a method

according to the present invention;

Fig. 2 is a side schematic cross-section view of a wellbore cutting system

according to the present invention;
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Figs. 3A - 3F are side schematic views in cross-section showing a method

according to the present invention employing the system of Fig. 2;

Figs. 4A - 4D are side schematic cross-section views of a wellbore cutting

system according to the present invention;

Figs. 5A and 5B are side schematic views of a sealing apparatus for use with a

system according to the present invention; and

Figs. 5C and 5D are side schematic views of a system according to the present

invention using the apparatuses of Figs. 5A and 5B.

Referring now to Fig. 1A, an earth wellbore W 1s cased with casing C extending
down from the earth's surface to a completion zone Z from which, originally, desirable
hydrocarbons are produced. Typical completion equipment is used for the zone Z. A
tubing string T within the casing C has a lower end R that terminates above the
completion zone Z. A packer P seals the tubing-casing annulus. For convenience the
wellbore W, although present, is not shown in Figs. 1B - 1E and the lower end of the

wellbore is also not shown in Figs. 1B - 11.

As shown in Figs. 1B - 1H, a system 10 is used to create an in-tubing lateral
wellbore L. As shown in Fig. 1B, the previously open lower end R of the tubing T 1s
sealed with a sealing apparatus 12 to prevent fluid flow therethrough. This sealing
apparatus may be any known suitable device, e.g. a packer or a plug. The sealing
apparatus 12 may be installed using a wireline, coiled tubing, another jointed pipe or

tubing string movable through the tubing string T.

As shown in Fig. 1C an opening 14 has been made through the tubing T (e.g.
made by milling, with explosives or with a perforation device) and, optionally, a
centralizing device 16 has been installed which 1s anchored within the tubing T. The
centralizing device 16 has arms 18 which contact the casing C and centralize and
stabilize the tubing T. The arms 18 are originally collapsed so that the centralizing

device 16 is movable down through the tubing, e.g. on coiled tubing, on a wireline or on
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another tubing string. The arms expand to centralize the tubing T, particularly 1 an
inclined wellbore if the tubing T is off-center with respect to the casing and/or laying

against the casing. A body 19 of the device 16 1s hollow permitting fluid tlow

therethrough.

As shown in Fig. 1D, wellbore cement 20 has been circulated down through the
tubing T (or through a workstring within the tubing T such as a coiled tubing string),
through the body 19 of the centralizing device 16, out through the opening 14, and mto
a tubing-casing annulus 22 to a level 24. The cement 20 1s allowed to set to stabilize the
portion of the tubing T encompassed by the cement 20. The cement 20: secures the
lower end of the tubing T to the casing C preventing relative movement between the
two: stabilizes the tubing T during subsequent milling or window formation operations;
defines a circulation path down the coiled tubing and up the annulus for cuttings
resulting from milling, drilling, or milling-drilling; and provides a borehole path from
the interior of the tubing to the new wellbore exterior of the casing through which a
completion can be run into a lateral wellbore. The cement stabilizes the tubing 1n the
casing and closes or fills voids around the tubing exterior so that the flow path during
later milling, drilling, and/or milling-drilling operations has a defined confined flow
area of known size so that circulating fluid velocities can be sufficiently maintained to

keep cuttings in suspension and moving up-hole.

As shown in Fig. 1E a suitable guide, diverter, or whipstock 30 is run Into the
tubing T, e.g. on coiled tubing, wireline, or another tubing string, and anchored 1n place.
Any suitable known guide, diverter, or whipstock may be used. Alternatively, openings
to be made through the tubing T, cement 20, and casing C may be made with known
explosives and explosive devices, with known chemicals and chemical devices, or with
known jetting cutters. The guide, diverter, or whipstock may be a permanently set

device. a retrievable device, or a millable device.

As shown in Fig. 1F, an opening or window 40 is milled through the tubing 1
with any suitable known mill or milling system, as is a window 41 through the casing C
and an opening 42 through the cement 20. The mill or mill system may also progress

into a formation 33 initiating a lateral wellbore 34. In one particular aspect, the lateral
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wellbore 34 is extended to any desired length employing suitable drilling and
directional drilling apparatuses. In one aspect the open hole section 35 1s underreamed
to facilitate installation of a liner (in one aspect an expandable liner) in the lateral

wellbore 34. Optionally, the whipstock 30 may now be removed.

As shown in Fig. 1G, a section 36 is cut out of the tubing T with any known
suitable cutter or mill. As with the other devices used in the system 10, the cutter or
mill may be used on coiled tubing, a wireline, or another tubing string. Alternatively
the section, according to the present invention, can be removed with known suitable

explosives and explosive devices, chemicals and chemical devices, and/or with known

jetting cutters.

As shown in Fig. 1H, a liner 50 is installed with its lower end 51 extending 1Into
the lateral wellbore 34. A sealing apparatus 52, including but not limited to any suitable
known through-tubing packer, is installed to seal off the tubing-casing annulus 22. In
certain preferred embodiments the sealing apparatus provides a primary barrier. An
expansion joint 53 (or polished bore receptacle and seal assembly) located between

tubing end 54 and sealing apparatus 52 accommodates relative movement between the
two, e.g., but not limited to, during subsequent production and injection (e.g. injection
of water or gas in an injection well). The top of the lateral liner may be dropped off
outside the window opening and, optionally, not connected to the original tubing or
casing. Alternatively it may be attached to the tubing end 54 with a travel joint 53 and
packer 52 all secured to the top end of the liner 50. Optionally, cement may be

emplaced on top of the apparatus 52.

Fig. 11 shows schematically an alternative way to cement the tubing-casing
annulus 22 in which a perforation device 38 (e.g. any known suitable pertforator or
perforating gun) perforates through the tubing T (and through an optional travelling
joint 39 if one is present; such a joint may be used in the method of Fig. 1B). As1n Fig.
1D. cement is then circulated through the resulting perforation or perforations mto the
annulus 22. The method shown in Fig. 1I does not require the devices 16 or the

formation of the opening 14. The casing is, preferably, not perforated.
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Fig. 2 illustrates schematically a tubing cutter system 60 useful in methods
according to the preseﬁt invention described below. The system 60 includes a
selectively activatable firing initiator or head 61, selectively activatable securement
apparatus 62; explosives 63, 64, and 65; a housing 66; and a lower end 67. The
securement apparatus 62 may be any suitable known wellbore anchoring apparatus or
mechanism. As shown, a plurality of "button subs" (as previously mentioned herein)
are used. The explosives 63 are used to sever a section of the tubing at an upper level,
the explosives 65 for severing the section of tubing at a lower level; an the explosives
64 for producing a series of longitudinal slots and corresponding fingers around the

severed tubing section. A detonation cord 68 interconnected between the head 61 and

explosives provides for simultaneously firing of all the explosives.

The system 60 is used, as shown in Figs. 3A - 3F to cut and move a section of
the tubing T (e.g. the section 36 as shown in Fig. 1G). The system 60 is lowered within
the tubing T to a desired location (it being understood that the wellbore W of Fig. 3A 1s
the wellbore W of Fig. 1A and that the same completion zone Z, etc. are present). The
firing head 61 is activated (e.g. by a fluid pressure pulse or by an electrical signal),
firing the explosives 63, 64, 65. The tubing T 1s severed at a top level 47 and at a
bottom level 48 creating a severed tubing section 46. Fingers 49 are formed with slots
between them. The fingers 49 are free to move outwardly. As shown in Fig. 3B,
lowering of the system 60, which is secured to the severed tubing section 46 by the
securement apparatus 62, results in lowering of the severed tubing section 46. The
lower ends of the fingers 49 encounter an upper end 45 of the tubing 1 and move
outwardly as the system 60 and tubing section 46 are lowered (see Fig. 3C). Optionally,
a telescopically collapsing apparatus as disclosed 1in U.S. Patent 4,905,759 may be used
as the stroking movement apparatus to facilitate lowering of severed casing. The
pressure differential across the stroking apparatus’s piston then strokes the tubing

section 46 downward without lowering the coiled tubing.

As shown in Fig. 3D, pressure has been relieved releasing the button subs and
the system 60 has been removed and the severed tubing section 46 has been lowered to
expose a desired gap 44 between ends 45 and 43 of the tubing 1. As shown 1n Fig. 3EF a

selectively activatable sealing apparatus 70, (e.g. any suitable known sealing device,
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packer, etc.) 1s moved down through the tubing T and positioned between the tubing
end 43 and a top end of the severed tubing section. As shown in Fig. 3F, the sealing
apparatus 70 is activated to seal off the wellbore W. A tubular string or coiled tubing

supporting the sealing apparatus 70 is released therefrom and retneved from the

wellbore.

Figs. 4A - 4D show a system 80 useful in severing a tubing section (and creatiﬁg
a gap in the tubing, e.g. as in Fig. 1G). The system 80 includes selectively activatable
securement apparatus 82 for selectively anchoring the system 80 1n tubing such as the
tubing T; movement apparatus 81 for moving part of the system 80 upwardly; a
downhole motor system 83 for rotating a mill system; and a mill system 84 for milling
out the tubing section to create a desired gap therein. The system 80 has a lower end
85. Appropnate internal flow channels in the systems of the system 80 permit fluid to
flow from the top to the botfom of the system to selectively activate the securement
apparatus 82, to .selectively activate and power the movement apparatus 81, to
selectively activate and power the downhole motor system 83, and to selectively
activate and power the mill system 84. Fluid may flow out from a channel 86 through

the end 85.

The securement apparatuses 82 may be "button subs" as previously mentioned
herein which are selectively activatable by pumping fluid under pressure down to the
system 80 and through-a-channel 87 in a top sub 88 that is in fluid communication with '

fluid flow channels to the apparatuses 82.

The movement apparatus 81 may be any suitable downhole movement
apparatus. In one aspect the movement apparatus is a stroke section mechanism as

disclosed in United States Patent 6,142,230 issued November 7, 2000, co-owned with

the present invention.

The downhole motor system 83 1s any suitable known downhole motor
™

including, but not mited to a commercially available PDM motor or MacDrll motor of

Rotech Holdings, Ltd.
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The mill system 84 may be any known suitable mill or mill system, including,
but not limited to, the tool of U.S. Patent 5,735,359 1ssued April 7, 1998, co-owned with

the present invention and incorporated fully herein for all purposes.

Fig. 5A shows a sealing apparatus 100 with a body 101, a lower end or "stinger”
102, lower slips 103 for engaging a tubing's interior, a packer element 104, upper slips
105 for engaging a tubing's interior, locking teeth or threads 107 (or with typical threads

for threadedly engaging the apparatus 110), and seals 106.

Fig. 5B shows a sealing apparatus 110 with a body 111, a lower end or "stinger”
112, a packing element 114, with locking threads or teeth 117 for locking engagement
with the teeth 107 of the apparatus 100 (or with typical threads) and a seal bore 115

with an interior surface 116.

As shown in Fig. 5C, the apparatuses of Figs. 5A and 5B may be used to both
provide the primary barrier above the end of the severed tubing 55 (created as in Fig.
1G above) and to seal off the annulus between the interior of the upper tubing end 54
and the exterior of the apparatus 100. The apparatus 100 1s connected to and above the
apparatus 110 and then the two are lowered on a tubular string, wireline, or coiled
tubing 120 so that the stinger 112 of the apparatus 110 enters the lower severed tubing
end 55. Optionally a running tool 130 may be used. The apparatuses are configured,
sized and positioned so that the packing element 114 when activated provides a primary
barrier across the casing C and the packing element 104 seals oft the annulus between

the interior of the tubing end 54 and the exterior of the apparatus 100.

As shown in Fig. 5D, the slips 103, 105 of the apparatus 100 have been
selectively activated as is well known in the art to anchor the apparatus 100 in place 1n
the tubing end 54; the stinger 102 has sealingly engaged the seal bore 115; the packing
elements 104 and 114 have been selectively activated to effect the desired sealing; and

the string 120 has been released from the apparatus 100 and retrieved from the wellbore

W.
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Alternatively, the apparatus 110 may be moved into the wellbore and located as
shown in Fig. 5C and its packing element activated. Then the apparatus 100 1s lowered
and positioned as shown in Fig. 5C and its packing element is activated. The tubular

string (wireline, coiled tubing) 120 is then released from the apparatus 100.

Each of the elements of the sytem described above has a fluid flow channel
therethrough from top to bottom to provide fluid pumoped through the surface through
the apparatus 100, through the apparatus 110, and down into the tubing 55 and
therebelow selectively as desired. Either sealing apparatus in any system disclosed
herein may have appropriate landing surfaces or landing nipples for receiving plugs or
other apparatus pumped onto them. These plugs may be any known suitable plug, with

or without anti-rotating structure, and/or they may be retrievable and/or drillable.
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The embodiments of the present invention in which an exclusive property or

privilege is claimed are defined as follows:

1. A method of performing wellbore operations in a wellbore having a tubing string
extending down within casing, the lower end of the tubing string being above the lower
end of the casing, and a tubing-casing annulus between tubing in the tubing string and the
casing sealed by a first sealing apparatus, the method comprising:

sealing the lower end of the tubing string with a sealing device to prevent fluid flow
therethrough;

removing a section of tubing above the first sealing apparatus;

moving a second sealing apparatus to the area from which the section of tubing has been
removed; and |

sealing the tubing-casing annulus with the second sealing apparatus.

2. A method of performing wellbore operations in a wellbore having a tubing string
extending down within casing, the lower end of the tubing string being above the lower
end of the casing, and a tubing-casing annulus between tubing in the tubing string and the
casing sealed by a first sealing apparatus, the method comprising:

sealing the lower end of the tubing string with a sealing device to prevent fluid flow
therethrough;

removing a section of tubing above the first sealing apparatus;

moving a second sealing apparatus down through the tubing string to the area from
which the section of tubing has been removed; and

sealing the tubing-casing annulus with the second sealing apparatus;

wherein the section of tubing is removed prior to sealing the tubing-casing annulus with

the second sealing apparatus.

3. A method as claimed in claim 1 or 2, wherein the section of tubing is removed by

explosive means for severing the tubing at two spaced-apart locations.

4, A method as claimed in claim 3, wherein the explosive means is on a movable
tubular string on the wellbore and includes a securement apparatus securable within the
tubing string at the location of the section of tubing to be removed, the securement

apparatus remaining secured with the section of tubing following severing of the tubing
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string by the explosive means, and the method further comprises lowering the section of
tubing to expose a gap in the tubing string into which the second sealing apparatus may

be moved.

5. A method as claimed 1n any one of claims 1 to 4, wherein the second sealing
apparatus 1s activated above and spaced-apart from the first sealing apparatus, and the
method further comprises:
making a tubing opening in the tubing above the first sealing apparatus; and
pumping hardenable material out through the tubing opening into the tubing-casing

annulus.

6. A method as claimed in any one of claims 1 to 5, further comprising stabilizing

the tubing at a location above the first sealing apparatus.

7. A method as claimed in any one of claims 1 or 6, further comprising installing a

centraliser for centralising the tubing within the casing, the centraliser having a hollow
body.

8. A method as claimed in any one of claims 1 to 4, further comprising:

perforating the tubing string at a level above a level of the first sealing apparatus to
produce at least one perforation;

introducing a hardenable material into the tubing-casing annulus through the at least one
perforation; and

flowing the hardenable material within said annulus up to a level spaced-apart from and

above the level of the first sealing apparatus.

9. A method as claimed in claim 8, wherein the at least one perforation is a plurality

of perforations.

10. A method as claimed in any one of claims 5 to 9, further comprising hardening

the hardenable matenal.
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11. A method as claimed in any one of claims 5 to 10, wherein the hardenable

material 1s cement.

12. A method as claimed in any one of claims 1 to 11, wherein the wellbore includes

a first completion zone located below the lower end of the tubing.

13. A method as claimed in any one of claims 1 to 12, wherein the second sealing

apparatus 1s a primary barrier.

14. A method as claimed in any one of claims 1 to 12. wherein the first sealing device

and the second sealing apparatus constitute a primary barrier.

15. A method as claimed in any one of claims 1 to 14, further comprising making an
exit opening through the tubing and an exit opening through the casing, each exit opening

Jocated above the first sealing apparatus.
16. A method as claimed in claim 15, wherein the exit openings are made by a mill.

17. A method as claimed in claim 16, wherein the mill is on a mill-supporting string
extending from the earth’s surface and the mill 1s rotated for milling by the mill-

supporting string.

18. A method as claimed in claim 16, wherein the mill 1s connected to a downhole
motor on a mill-supporting string in the wellbore and the downhole motor rotates the maill

for milling.

19. A method as claimed in claim 17 or 18, wherein the mill is moved downwardly

by moving the mill-supporting string downwardly.

20. A method as claimed in claim 17, 18 or 19, wherein the mill is moved upwardly

by moving the mill-supporting string upwardly.
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21. A method as claimed in claim 18, wherein the downhole motor is interconnected
with movement apparatus that is anchorable 1n the tubing at a point below the earth’s
surface, the movement apparatus for moving the downhole motor and mill downwardly

during milling.

22. A method as claimed in claim 18, wherein the downhole motor is interconnected
with movement apparatus anchorable in the tubing at a point below the earth’s surface,
the movement apparatus for moving the downhole motor and the mill upwardly during

milling.

23. A method as claimed in any one of claims 16 to 22, further comprising installing

a whipstock within the tubing for directing the mill for making the exit openings.

24. A method as claimed in claim 23, further comprising removing the whipstock

after the exit openings are made.

25. A method as claimed in any one of claims 15 to 24, further comprising drilling a

lateral wellbore from the exit opening through the casing.

26. A method as claimed in claim 25, further comprising installing a liner in at least a

portion of the lateral wellbore.

27. A method for comp]eting an earth wellbore, the wellbore having a first production
zone to be abandoned, and the wellbore having tubing extending down within casing
therein and forming a tubing-casing annulus, the tubing having a lower end at a point
above a lower end of the casing, and the tubing-casing annulus being sealed by a first
sealing apparatus above the first production zone, the method comprising the steps of:

sealing the lower end of the tubing with a sealing device, to prevent fluid flow
therethrough;

creating a lower opening in the tubing above the first sealing apparatus;

Iinserting cement into the tubing-casing annulus through said lower opening in the

tubing;
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creating an exit opening through both the tubing and the casing above said lower end of
the tubing;

forming a lateral wellbore through said exit opening;

severing the tubing above said lateral wellbore;

creating an upper opening in the tubing above said lateral wellbore, said tubing now
having a new lower end above said lateral wellbore; and

setting a second sealing apparatus in the wellbore above said lateral wellbore so as to

seal off the tubing-casing annulus.

28.  The method of claim 27 for completing an earth wellbore, wherein said second

sealing apparatus provides a primary barrier to the first production zone.

29.  The method of claim 27 or 28 for completing an earth wellbore, wherein said step
of creating an exit opening through both the tubing and the casing comprises the steps of:

affixing a mill onto the lower end of a tubular string;

lowering said tubular string into the tubing;

urging said mill against the tubing and the casing so as to mill a window through the
tubing and the casing at a depth above said lower opening, so as to form said exit opening
and to begin a lateral wellbore; and

removing said tubular string and muill.

30.  The method of claim 29 for completing an earth wellbore, further comprising the
step of setting a diverter in the tubing at the depth desired for beginning said lateral
wellbore before said lateral wellbore is formed, and wherein said step of urging said mill
against the tubing and the casing further comprises the steps of:

rotating\ said mill; and

moving said tubular string downward against said diverter, thereby urging said

mill against the production tubing and the casing so as to form said exit opening.

31.  The method of claim 30 for completing an earth wellbore, wherein said mill is

rotated by a downhole motor on the tubular string in the wellbore.
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32.  The method of claim 30 for completing an earth wellbore, wherein said mill 1s

rotated by rotating the tubular string in the wellbore.

33.  The method of any one of claims 27 to 32, further comprising a step of running a
liner through said severed tubing and into said lateral wellbore, the liner having an upper
end and a lower end, the upper end extending into the upper opening and being in flud

communication with the tubing.

34.  The method of claim 33, wherein said second sealing apparatus is connected to

said liner.

35.  The method of claim 34, wherein said second sealing apparatus is a through-

tubing packer, and is connected to said liner proximal to said upper end of said liner.

36. The method of claim 35, wherein said second sealing apparatus resides

intermediate said upper end of said liner and said new lower end of the tubing.

37.  The method of claim 35, wherein said upper end of said liner is sealingly placed
in fluid communication with said new lower end of the tubing by means of an expansion
joint, so as to accommodate relative movement between said new lower end of the tubing

and said second sealing apparatus.

38.  The method of claim 37, wherein said expansion joint defines a polished bore

receptacle and seal assembly.

39.  The method of any one of claims 27 to 38, wherein said step of creating a lower
opening 1n the tubing above the first sealing apparatus comprises the steps of:

severing the tubing above the first sealing apparatus; and

partially raising the tubing from the surface, in order to create said lower opening

between the tubing and the first sealing apparatus.
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40.  The method of claim 39, further comprising a step of stabilizing the tubing at a

location above the first sealing apparatus before cement is inserted into the tubing-casing

annulus.

41.  The method of claim 40, wherein said step of stabilizing the tubing comprises:
lowering a centralizing device through the tubing and down to the lower end of the
tubing, the centralizing device having arms and a hollow body for permitting fluid to
flow therethrough; and
activating said arms of said centralizing device against the casing so as to centralize the

tubing at its lower end.

42.  The method of any one of claims 27 to 41, wherein the step of creating said lower
opening in the tubing comprises a step of perforating the tubing at a level above the first

sealing apparatus.

43.  The method of any one of claims 27 to 42, wherein the step of creating an upper
opening in the tubing above said lateral wellbore 1s performed by partially raising the

tubing from the surface.

44.  The method of any one of claims 27 to 42, wherein the step of creating an upper
opening in the tubing above said lateral wellbore is performed by removing a section of

tubing.
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