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(57) Abstract: A method of severing a tubular structure can include producing a stream of plasma between a plasma arc cutter and
the tubular structure, and displacing the plasma arc cutter relative to the tubular structure, thereby cutting through the tubular struc-
ture. A plasma arc cutting apparatus can include a transport vehicle, a boom extending from the transport vehicle, at least one plasma
arc cutter, and at least one actuator that displaces the plasma arc cutter relative to the boom. Another method of severing a tubular
structure can include conveying a plasma arc cutter to the tubular structure with a transport vehicle, and displacing the plasma arc
cutter relative to the transport vehicle.



PLASMA ARC CUTTING OF TUBULAR STRUCTURES

TECHNICAL FIELD
This disclosure relates generally to equipment utilized and operations performed in
conjunction with cutting of tubulars and, in one example described below, more particularly

provides for plasma arc cutting of tubular structures.

SUMMARY

In accordance with a general aspect, there is provided a method of severing a tubular
structure, the method comprising: producing a stream of plasma between a plasma arc cutter
and the tubular structure; and displacing the plasma arc cutter relative to the tubular structure
by displacing the plasma arc cutter relative to a boom extending from a transport vehicle,
thereby cutting through the tubular structure.

In accordance with another aspect, there is provided a plasma arc cutting apparatus,
comprising: a transport vchicle: a boom extending trom the transport vchicle; at Icast onc
plasma arc cutter; and least onc actuator that displaces the plasma arc cutter relative to the
boom.

In accordance with a further aspect, there is provided a method of severing a tubular
structure, the method comprising: conveying a plasma arc cutter to the tubular structure with
a transport vehicle: and displacing the plasma arc cutter relative to a boom extending from

the transport vehicle.

BACKGROUND
[t can be beneficial to be able to sever a tubular quickly and conveniently. For
cxample, in well control situations (such as, when a wellhead or equipment thereon has been
damaged and/or is on fire), it can be important for health, safety and environmental recasons to
be able to quickly remove damaged tubular structures and other equipment, so that the well
can be brought under control. For this and other reasons, it will be appreciated that

advancements in the art of cutting through tubular structures are continually needed.

CA 2943045 2018-01-10
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a representative elevational view of an
example of a well system and associated method which can

embody principles of this disclosure.

FIG. 2 is a representative cross-sectional view of a
plasma arc cutter cutting through a tubular structure of the

well system.

FIG. 3 is a representative plan view of an example of

plasma arc cutters mounted on a boom of a transport vehicle.

DETAILED DESCRIPTION

Representatively illustrated in FIG. 1 is a system 10
for use with a well, and an associated method, which system
and method can embody principles of this disclosure.
However, it should be clearly understood that the system 10
and method are merely one example of an application of the
principles of this disclosure in practice, and a wide
variety of other examples are possible. Therefore, the scope
of this disclosure is not limited at all to the details of
the system 10 and method described herein and/or depicted in

the drawings.

In the system 10, a plasma arc cutting apparatus 12 is
used to sever a tubular structure at a wellsite. Examples of
tubular structures that can be severed using the apparatus
12 include (but are not limited to) a well casing 14, a

wellhead 16 and a hydrocarbon production conduit 18.

As used herein, the term “well casing” is used to
indicate a protective wellbore lining. A conductor pipe can
also be considered as a well casing. The apparatus 12 can be
used to cut through casing 14 that extends above the earth’s

surface.
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Note that hydrocarbons 20 may be flowing through the
tubular structure while the apparatus 12 is being used to
cut through the tubular structure. Although it would
normally be considered hazardous to use an ignition source
(such as, a plasma arc cutter) in close proximity to
ignitable hydrocarbons 20, in some examples the hydrocarbons
may already be ignited (such as, in a well control
situation), or it may be desirable to ignhite the
hydrocarbons (for example, if the hydrocarbons include

poisonous gas, such as, hydrogen sulfide).

However, it should be clearly understood that it is not
necessary for hydrocarbons 20 to be present in a tubular
structure in order to use the apparatus 12 to cut through
the tubular structure. Instead, there may be no hydrocarbons
in the tubular structure when the apparatus 12 severs the

tubular structure.

If the hydrocarbons 20 are already ignited, it may be
beneficial to sever a vertical portion of the tubular
structure, so that water and/or other fire extinguishing
substances can be flowed into the tubular structure to
extinguish the hydrocarbons. The apparatus 12 example
depicted in FIG. 1 is particularly suited for severing
vertical tubular structures, but it is not necessary for a
vertical tubular structure (or any portion thereof) to be
severed in keeping with the principles of this disclosure.
The apparatus 12 could be readily configured to sever

horizontal or inclined tubular structures, if desired.

In the FIG. 1 example, the apparatus 12 includes a
transport vehicle 22, a boom 24 extending outwardly from the
transport vehicle, and multiple plasma arc cutters 26 (only
one of which is visible in FIG. 1) mounted on the boom. The

transport vehicle 22 is used to convey the boom 24 and
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plasma arc cutters 26 into close proximity to the tubular

structure to be severed.

As depicted in FIG. 1, the transport vehicle 22 is a
tracked vehicle for negotiating difficult terrain, but in
other examples the vehicle could include individual wheels
or other means of locomotion. In well control situations
(for example, if the hydrocarbons 20 are ignited), a tracked
vehicle can desirably operate in high temperature and debris

laden environments.

In the FIG. 1 example, the transport vehicle 22 also
conveys a plasma gas supply 28, a shield gas supply 30 and
an electrical power supply 32 for operation of the plasma
arc cutters 26. In addition, a boom manipulator 34 carried
by the transport vehicle 22 is used to raise, lower, tilt,
rotate and/or otherwise manipulate the boom 24, so that the
plasma arc cutters 26 are appropriately positioned for

cutting through a selected tubular structure.

The boom 24 depicted in FIG. 1 is used to support the
plasma arc cutters 26 and to displace the plasma arc cutters
relative to the tubular structure to be severed. In
addition, if the hydrocarbons 20 are ignited, or will be
ignited, the boom 24 desirably spaces the transport vehicle
22 away from the ignited hydrocarbons. Any length or type of
boom can be used in keeping with the scope of this

disclosure.

Mounted to the boom 24 in the FIG. 1 example are two
actuators 36 (only one of which is visible in FIG. 1). The
actuators 36 are used to displace the plasma arc cutters 26,
as described more fully below. The actuators 36 can comprise
electrical motors, hydraulic cylinders, linear actuators, or

any other type of actuators.
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In some examples, actuators 36 may not be used to
displace the plasma arc cutters 26. For example, the
transport vehicle 22 could be used to displace the plasma
arc cutters 26 while they are cutting through a tubular
structure. Any technique for displacing the plasma arc
cutters 26 may be used in keeping with the scope of this

disclosure.

FIG. 2 is a representative cross-sectional view of an
example of a plasma arc cutter 26 cutting through a tubular
structure 38 of the well system 10. Of course, the plasma
arc cutter 26 can be used to cut through tubular structures
in other well systems, in keeping with the scope of this

disclosure.

In the FIG. 2 example, the plasma arc cutter 26 is of
the type that uses a separate shield gas 40 to constrict a
stream of plasma 42 extending between a tip 44 of the cutter
and an object being cut (the tubular structure 38, in this
case). The shield gas 40 can also mitigate exposure of the
plasma 42 and a melted region 46 of the object to

atmosphere.

Any suitable shield gas can be used with the plasma arc
cutter 26. Examples include (but are not limited to)
nitrogen, compressed air and oxygen. In some cases, a
shielding other than a gas (such as water) may be used.
Thus, the scope of this disclosure is not limited to use of
any particular type of shielding and, in some examples, nho

shielding at all may be used.

A cutting or plasma gas 48 flows through the plasma arc
cutter 26 about a central electrode 50. An electric arc
formed between the electrode 50 and the tubular structure 38

imparts energy to the gas 48, resulting in the plasma 42.
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Any suitable plasma gas can be used with the plasma arc
cutter 26. Examples include (but are not limited to) oxygen,
nitrogen, air and argon. In some cases, the plasma gas 48
and the shield gas 40 may be the same, but delivered to the
plasma arc cutter 26 at different pressures, flow rates,
etc. Thus, the scope of this disclosure is not limited to

use of any particular type of plasma gas.

The electrical power supply 32 is used to generate the
electric arc between the electrode 50 and the tubular
structure 38, and to maintain the plasma 42 state of the
plasma gas 48 between the electrode and the tubular
structure. The power supply 32 may supply direct current, so
that the tubular structure 38 is positively charged relative

to the electrode 50.

A circuit (not shown) can be provided to initiate an
arc (known to those skilled in the art as a pilot arc), for
example, between the tip 44 and the tubular structure 38, in
order to then initiate the arc between the electrode 50 and
the tubular structure. However, it should be understood that
the scope of this disclosure is not limited to any
particular technique for initiating the arc between the
electrode 50 and the tubular structure 38, or to any
particular technique (or type of electrical power supply,

etc.) for maintaining the stream of plasma 42.

An electrode 52 can be attached to or otherwise
electrically connected to the tubular structure 38. For
example, the electrode 52 could be clamped to the tubular
structure 38. In well control situations (for example, if
the hydrocarbons 20 are ignited or to be ignited), it may be
impractical or hazardous to rigidly secure the electrode 52
to the tubular structure 38, in which case the electrode can

be made to contact the tubular structure without securing
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the electrode to the tubular structure, as described more

fully below.

FIG. 3 is a representative plan view of one example of
the plasma arc cutters 26 mounted on the boom 24 of the
transport vehicle 22 (see FIG. 1). In this view it may be
seen that the streams of plasma 42 from the plasma arc
cutters 26 are directed inward toward the tubular structure
38 positioned between laterally spaced apart arms of the

boom 24.

The plasma arc cutters 26 are mounted on carriages 54
that are displaceable longitudinally along the arms of the
boom 24. The plasma gas, shield gas and electrical power
supplies 28, 30, 32 are connected to the plasma arc cutters
26.

In this example, threaded rods 56 are received in the
arms of the boom 24. The threaded rods 56 are rotated by the
actuators 36 (see FIG. 1), thereby causing the carriages 54
and plasma arc cutters 26 mounted thereon to displace

relative to the tubular structure 38.

In other examples, additional or different types of
actuators may be used to displace the plasma arc cutters 26
in various directions. The plasma arc cutters 26 could, for
example, be displaced in arcs about the tubular structure
38. Suitable actuators could be mounted on the carriages 54

in some examples.

Thus, the scope of this disclosure is not limited to
any particular manner of displacing the plasma arc cutters
26 relative to the tubular structure 38. Although two plasma
arc cutters 26 are depicted in the FIG. 3 example, any
number (including one) of the plasma arc cutters may be

used.
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FIG. 3 depicts another example of the electrode 52. In
this example, multiple flexible electrodes 52 are mounted on
the arms of the boom 24 so that, when the tubular structure
38 is positioned appropriately between the arms, the
electrodes will electrically contact the tubular structure.
In other examples, the boom 24 arms themselves may serve as
the electrodes 52 by electrically contacting the tubular
structure 38. Any number and any type of electrodes 52 may

be used in keeping with the scope of this disclosure.

It may now be fully appreciated that the above
disclosure provides significant advancements to the art of
severing tubular structures. The plasma arc cutting
apparatus 12 described above can be used for quickly and
conveniently cutting through tubular structures at wellsites
when time is of the essence. 0f course, the apparatus 12 can
be useful in a variety of other situations and locations, as

well.

The above disclosure provides to the art a method of
severing a tubular structure 38. In one example, the method
can comprise producing a stream of plasma 42 between a
plasma arc cutter 26 and the tubular structure 38, and
displacing the plasma arc cutter 26 relative to the tubular
structure 38, thereby cutting through the tubular structure
38.

The displacing step can include displacing the plasma
arc cutter 26 while the tubular structure 38 remains
stationary. The displacing step may include displacing the
plasma arc cutter 26 relative to a boom 24 extending from a

transport vehicle 22.

The tubular structure 38 may be selected from the group
consisting of a well casing 14, a wellhead 16 and a

hydrocarbon production conduit 18. Any type of tubular
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structure can be severed using the method. The tubular

structure 38 may be vertical during the cutting step.

Ignited hydrocarbons 20 may flow through the tubular
structure 38 during the cutting step. The cutting step can
include igniting hydrocarbons 20 in the tubular structure

38.

The above disclosure also provides to the art a plasma
arc cutting apparatus 12. In one example, the apparatus 12
can include a transport vehicle 22, a boom 24 extending from
the transport vehicle 22, at least one plasma arc cutter 26,
and at least one actuator 36 that displaces the plasma arc

cutter 26 relative to the boom 24.

The “at least one” plasma arc cutter 26 may comprise
multiple plasma arc cutters 26. Plasmas 42 can emanate from

the plasma arc cutters 26 to a same structure 38.

The actuator 36 may displace the plasma arc cutter 26

longitudinally relative to the boom 24.

The transport vehicle 22 can convey a plasma gas supply
28, an electrical power supply 32 and/or a shield gas supply
30.

The apparatus 12 may include an electrode 52 extending

from the boom 24.

Another method described above for severing a tubular
structure 38 can comprise conveying a plasma arc cutter 26
to the tubular structure 38 with a transport vehicle 22, and
displacing the plasma arc cutter 26 relative to the

transport vehicle 22.

Although various examples have been described above,
with each example having certain features, it should be
understood that it is not necessary for a particular feature

of one example to be used exclusively with that example.
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Instead, any of the features described above and/or depicted
in the drawings can be combined with any of the examples, in
addition to or in substitution for any of the other features
of those examples. One example’s features are not mutually
exclusive to another example’s features. Instead, the scope
of this disclosure encompasses any combination of any of the

features.

Although each example described above includes a
certain combination of features, it should be understood
that it is not necessary for all features of an example to
be used. Instead, any of the features described above can be
used, without any other particular feature or features also

being used.

The terms “including,” “includes,” “comprising,”
“comprises,” and similar terms are used in a non-limiting
sense in this specification. For example, if a system,
method, apparatus, device, etc., is described as “including”
a certain feature or element, the system, method, apparatus,
device, etc., can include that feature or element, and can
also include other features or elements. Similarly, the term
“comprises” is considered to mean “comprises, but is not

limited to.”

Of course, a person skilled in the art would, upon a
careful consideration of the above description of
representative embodiments of the disclosure, readily
appreciate that many modifications, additions,
substitutions, deletions, and other changes may be made to
the specific embodiments, and such changes are contemplated
by the principles of this disclosure. For example,
structures disclosed as being separately formed can, in
other examples, be integrally formed and vice versa.

Accordingly, the foregoing detailed description is to be
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clearly understood as being given by way of illustration and
example only, the spirit and scope of the invention being

limited solely by the appended claims and their equivalents.
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CLAIMS:

1. A method of severing a tubular structure, the method comprising:

positioning the tubular structure between two arms of a boom extending from a
motorized transport vehicle, each arm comprising a plasma arc cutter coupled to the arm and
oriented towards the opposite arm;

producing two streams of plasma, each stream of plasma produced between one of the
two plasma arc cutters and the tubular structure; and
displacing the plasma arc cutters relative to the tubular structure by displacing the

plasma arc cutters relative to the boom, thereby cutting through the tubular structure.

2, The method of claim 1, wherein the displacing further comprises displacing the

plasma arc cutters while the tubular structure remains stationary.

3. The method of claim 1, wherein the tubular structure is selected from the group

consisting of a well casing, a wellhead and a hydrocarbon production conduit.

4. The method of claim 1, wherein the tubular structure is vertical during the cutting.

5. The method of claim 1, wherein the cutting comprises cutting the tubular structure
with hydrocarbons flowing through the tubular structure such that the cutting ignites the

hydrocarbons.

6. The method of claim 1, further comprising displacing an electrode extending from the

boom with respect to the motorized transport vehicle to directly contact the tubular structure.

7. A plasma arc cutting apparatus for cutting a tubular structure, comprising:

a motorized transport vehicle;

a boom extending from the motorized transport vehicle, the boom comprising
two arms configured to allow the tubular structure to be positioned between the two arms;
two plasma arc cutters, each plasma arc cutter coupled to a different arm of the boom and
oriented towards the opposite arm; and

two actuators, each actuator displacing one of the two plasma arc¢ cutters relative to the boom.

CA 2943045 2019-09-27



-13-

8. The apparatus of claim 7, wherein plasmas emanate from the plasma arc cutters to a

same structure.

9. The apparatus of claim 7, wherein the actuators displace the plasma arc cutters along

a longest side of the boom.

10.  The apparatus of claim 7, wherein the motorized transport vehicle conveys a plasma

gas supply and an electrical power supply.

11. The apparatus of claim 10, wherein the motorized transport vehicle further conveys a
shield gas supply.
12, The apparatus of claim 7, further comprising an electrode extending from the boom

and movable with respect to the motorized transport vehicle to directly contact a tubular
structure.
13. A method of severing a tubular structure, the method comprising:

conveying two plasma arc cutters to the tubular structure with a motorized
transport vehicle , each plasma arc cutter coupled to a different arm of two arms of a boom

extending from the motorized transport vehicle and oriented towards the opposite arm;

positioning the tubular structure between the two arms of the boom; and

displacing the plasma arc cutters relative to the boom to cut through the
tubular structure.

14. The method of claim 13, further comprising producing two streams of plasma, each
stream of plasma produced between one of the two the plasma arc cutters and the tubular

structure.

15 The method of claim 13, wherein the displacing further comprises displacing the

plasma arc cutters relative to the tubular structure.

16.  The method of claim 13, wherein the displacing further comprises displacing the

plasma arc cutters while the tubular structure remains stationary.

CA 2943045 2019-09-27
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17. The method of claim 13, wherein the tubular structure is selected from the group

consisting of a well casing, a wellhead and a hydrocarbon production conduit.

18.  The method of claim 13, further comprising cutting the tubular structure with the

plasma arc cutters with hydrocarbons flowing through the tubular structure, thereby igniting

the hydrocarbons.

CA 2943045 2019-09-27
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