wo 2014/039977 A2 || NDF VOO0 00 O A

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2014/039977 A2

(51

eay)

(22)

(25)
(26)
(30)

1

(72

74

13 March 2014 (13.03.2014) WIPOIPCT
International Patent Classification: (81)
B23K 26/38 (2006.01)

International Application Number:
PCT/US2013/058777

International Filing Date:
9 September 2013 (09.09.2013)

Filing Language: English
Publication Language: English
Priority Data:

61/698,703 9 September 2012 (09.09.2012) US
61/698,975 10 September 2012 (10.09.2012) US
Applicant: FORO ENERGY, INC. [US/US]; 8020

Southpark Circle, Suite 500, Denver, CO 80120 (US).

Inventors: DEUTCH, Paul, D.; 2313A Mimosa Dr., Hou-
ston, TX 77019 (US). DE WITT, Ronald, A.; 20203
Cadogan Court, Katy, TX 77450 (US). ZEDIKER, Mark,
S.; 1896 Via De Los Pinons, Castle Rock, CO 80104 (US).
FAIRCLOTH, Brian, O.; 7664 Brook Forest Lane, Ever-
green, CO 80439 (US). WOLFE, Daniel, L.; 14135 Al-
bany Springs Lane, Houston, TX 77044 (US).

Agent: BELVIS, Glen, P.; Steptoe & Johnson LLP, 115
South LaSalle Street, Suite 3100, Chicago, IL 60603 (US).

(84)

Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:

without international search report and to be republished
upon receipt of that report (Rule 48.2(g))

(54) Title: LIGHT WEIGHT HIGH POWER LASER PRESURE CONTROL SYSTEMS AND METHODS OF USE

FIG. 1B

(57) Abstract: There is provided pressure control systems, methods and apparatus for the use of high power laser energy to server
structures, such as rods, tubes, wireline, slickline and braided line in well and pipeline pressure control situations.



10

15

20

]
[4)]

30

35

WO 2014/039977 PCT/US2013/058777

LIGHT WEIGHT HIGH POWER LASER PRESURE CONTROL SYSTEMS AND
METHODS OF USE

[Q001]  This application: {i} claims, under 35 U.S.C. §118(e){(1), the
benefit of the filing date of September 8, 2012, of provisional application serial
number 61/688,703; and (i) claims, under 35 U.S.C. §118(e)1), the benefit of the
filing date of September 10, 2012, of provisional application serial number
61/698,975, the entire disclosures of each of which are incorporated herein by
reference,

BACKGROUND OF THE INVENTION

Field of the Invention

[0002] The present inventions relate o the delivery of high power laser
energy for use in, and with, well and pipeline access conirol devices, modules,
and systems.

[0003] As used herein, unless specified othaerwise, “high power laser
enargy” means a laser beam having at least about 1 kW (kilowatt) of power. As
used herain, unless specified otherwise “great distances” means at least about
500 m {meter). As used herein, unless specified otherwise, the term “subsiantial

(LI T

loss of power.” “substantial power loss” and similar such phrases, mean a loss of
power of more than about 3.0 dB/lkom {decibel/kilometsr) for a selected
wavelength. As used herein the term "substantial power transmission” means at
least about 50% transmittance.

[0004] As used herein, unless specified otherwise, the term “earth’”
should be given its broadest possible meaning, and includes, the ground, all
natural materials, such as rocks, and artificial materials, such as concrete, that
are ar may be found in the ground, including without limitation rock layer
formations, such as, granite, basali, sandstone, dolomite, sand, salt, limestone,
rhyolite, quarizite and shale rock.

[0005]  As used herein, unless specified otherwise, the term “borehole”
should be given it broadest possible meaning and includes any opening that is
craated in a material, a work pigce, a surface, the earth, a structura {e g,
building, protected military installation, nuclear plant, offshore platform, or ship),

or in a structure in the ground, {e g., foundation, roadway, airstrip, cave or
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subterranean structure) that is substantially longer than it is wide, such as a well,
a well bore, a well hole, a micro hole, slimhole and other terms commonily used or
known in the arts to define these types of narrow long passages. Wells would
further include exploratery, production, abandoned, reentered, reworked, and
injection wells.

[0008] As used herein, unless specified otherwise, the term "ubular is
o be given its broadest possible meaning and includes drill pipe, casing, riser,
coiled tube, composite tube, vacuum insulated tubing ("VIT), production tubing
and any similar structures having at least one channel therein that are, or could
be used, in the drilling industry. As used herein the term "joint" is to be given its
broadest possible meaning and includes all types of devices, systems, methods,
structures and components used to connedt fubulars together, such as, threaded
pipe joints and bolted flanges. For drill pipe joints, the joint section typically has 3
thicker wall than the rest of the drill pipe. As used herein the thickness of the wall
of tubular is the thickness of the material between the internal diameter of the
tubular and the external diameter of the tubular.

[0007]  As used herein, unless specified otherwise, the terms "dnlling
blowout preventer,” "drilling BOPR,” and "drilling BOP stack” mean, and include
devices positioned at or near the borehole surface, e.g., the surface of the earth
including dry land or the seafloor, which are used {0 contain or manage pressures
or flows associated with a borehole during drilling activities and have the
capability to seal against and shear off jointed drill pipe and jointed casing sirings
that are being advansed through the drlling BOP during drilling operations...

[0008] As used herein, unless specified othenwise, "offshore” and
“offshore activities” and similar such terms are used in their broadest sense and
would include activities on, or in, any body of water, whether fresh or salt water,
whethar manmade or naturally occuring, such as, rivers, lakes, canals, inland
seas, oceans, seas, bays and gulfs, such as the Gulif of Mexico. As used herein,
uniess spacified otherwise the term "offshore rig" is 1o be given its broadest
possible meaning and would include fixed fowers, tenders, platforms, barges,
jack-ups, floating platforms, drill ships, dynamically positioned drill ships, semi-
submersibles and dynamically positioned semi-submersibles. As used herein,
untess specified otherwise the term "seafloor” is 10 be given its broadest possible
meaning and would include any surface of the earth that lies under, or is at the

2



10

25

WO 2014/039977 PCT/US2013/058777

bottom of, any body of water, whether fresh or salt water, whether manmade or
naturally occurring.

[0009] As used herein, unless specified otherwise, the term “ixed
platform,” would include any structure that has at least a portion of its weight
supported by the seafloor. Fixed platforms would include structures such as:
freg-standing caissons, well-protector jackets, pylons, braced caissons, piled-
jackets, skirted piled-jackets, compliant towers, gravity structures, gravity based
structures, skirted gravity structures, concrete gravity structures, concrete deep
water struciures and other combinations and varigtions of these. Fixed platforms
extend from at or below the seafloor to and above the surface of the body of
watler, 2.g., sea level. Deck structures are positionsd above the surface of the
body of water 3 top of vertical support members that extend down in to the water
o the seafloor.

[0010] As used herein, unless specified otherwise, the terms "seafloor.”
"seabaed” and similar terms are 1o be given their broadest possible meaning and
would include any surface of the earth, including for example the mud line, that
lies under, or is at the bottom of, any body of water, whether fresh or salt water,
whether manmade or naturally cocurning.

[0011]  As used herein, unless specified otherwise the terms "well” and
"borehole” are to be given their broadest possible meaning and include any hole
that is bored or otherwise made into the earih's surface, e.g., the ssaafioor or
seabed, and would further include exploratory, production, abandoned,
reentered, reworked, and injection wells.

[0012] As used herein, unless specified otherwise, the term "drill pipe”
means and includes all forms of pipe used for drilling activiliss; and refersto a

single section or piece of pips. As used herein, unless specified otherwise, the

terms "stand of drill pipe,” "drill pipe stand,” "stand of pipe.” "stand” and similar
type terms are {0 be given thair broadest possible meaning and include two, three
or four sections of drill pipe that have been conneclsd, e.q., joinad together,

typically by joints having threaded connections. As used herein, unless specified

otherwise, the terms "drill string,” "string,” "string of drill pipe,” string of pipe"” and
similar type terms are 10 be given their broadest definition and would include a
stand or stands joined fogether for the purpose of being emploved in a borehole.

Thus, a drill string could include many stands and many hundreds of sections of
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drill pipe. These terms would not include continuous, e.g., non-jointed,
convevance structures such as line structures and coiled tubing.

[0013] As used herein, unless specified otherwise, the term "pipeline”
should be given its broadest possible meaning, and includes any structure that
contains a channel having a length that is many orders of magnitude greater than
its cross-sectional area and which is for, or capable of, transporting a material
along at least g portion of the length ofthe channel. Pipelines may be many
miles long and may be many hundreds of miles long. Pipelines may be located
below the sarth, above the earth, under water, within a8 structure, or combinations
of these and other locations. Pipelines may be made from metal, steel, plastics,
ceramics, composie materials, or other materials and compositions know to the
pipeline arts and may have external and internal coatings, known {0 the pipeline
arts. In general, pipelines may have intermnal diameters that range from about 2 1o
about 60 inches although larger and smalier diameters may be utilized. In
general natural gas pipelines may have internal diameters ranging from about 2
to 80 inches and oil pipelines have intermal diameters ranging from about 4 to 48
inches. Pipelines may be used {o transmit numerous types of materials, in the
form of a liquid, gas, fluidized solid, slurry or combinations thereof. Thus, for
example pipelines may carry hydrocarbons; chemicals; oil; petroleum products;
gasoline; ethanol; biofuels; water; drinking water, irrigation water; cooling water;
water for hydroslectric power generation; watser, or other fluids for geothermal
power generation; natural gas; paints; slurries, such as mineral slurries, coal
slurries, pulp slurries; and ore slurries; gases, such as nitrogen and hydrogen;
cosmetics, pharmaceuticals; and food products, such as beer.

[0014]  As used herein, unless specified otherwise, the terms “well

a2 s

intervening,

ETIET4

servicaes, intervention,” "workover,” "complstion” and "workover
and completion,” and similar such terms should be given their broadest possible
meanings and would include activities that place at or near the completion of a
well, activities that take place at or the near the commencement of production
from the well, activities that take place on the well whean the well is 3 producing or
operating well, activities that take place to regpen or reenter an abandoned or
plugged well or branch of a well, and would also include for example, perforating,
logging, measuring, cementing, acidizing, fracturing, pressure testing, the

removal of well debris, removal of plugs, insertion or replacement of production
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fubing, repairing conductors, removal of down hole equipment, placement of
down hole equipment, forming windows in casing to drill or complete lateral or
branch welibores, cutling and milling operations in general, insertion of screens,
stimulating, cleaning, testing, analyzing and other such activities. These terms
would further include applying heat, directed energy, preferably in the formof a
high power laser beam 1o heat, melt, soften, activate, vaporize, disengage,
desiccate, remove, assist in their removal, cleanout, condition, materials and
structures in a well, and combinations and variation of these.

[0018]  As used herein, unless specified otherwise, the terms "pipe line
services” and "pipe line intervention,” and similar such terms should be given
their broadest possible meanings and would includs activities that take place at
or near the completion of g pipe ling, activities that take place at or the near the
commencement of flow in a pips line, aclivilies that take place on the pipe line
when material is flowing in the pipe line, activities that take place when flow has
been suspended in the pipeline, activitiss that {ake place whean the pipe line is
undar a pressure that is different from atmospheare or the ambient environment,
and would including activities such as, cleaning, measuring, repairing, analyzing,
removing, and combinations and variations ¢f these.

[0018] As used herein, unless specified otherwise, the terms "line
structure,” "line” and similar such terms, should be given its broadest possible
meanings, and would include without limitation: wireline; colled tubing; a tubein a
iube, double walled coiled tubing; slickling; braided line; wireline; umbilicals,
cables supporting or associated with a PIG; laser cables for a laser-PIG; heavy
duty die-formed fishing line; logging cable; electric ling; mono-conductor wireline;
coaxial mong-conductor line for perforation and production; cable structures used
for completion, workover, drilling, seismic, sensing, logging, scale removal, wax
removal, pipe cleaning, casing cleaning, cleaning of other tubulars; cable
structures used for subsea completion and other subsea activities; umbilicals;
cable structures used for ROV control power and data {ransmission; lines
struciures made from metal, steel, wire and composite materials such as carbon
finer, wire and mesh; line structures used for monitoring and svaluating pipeline
and boreholes; and structures such as Power & Data Composite Colled Tubing
(PDT-COIL) Smart Pipe® and FLATpak®.
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Discussion of Related Art
Waell Services, Intervention, Workover, Completion, and Pipsline

[0017] in addition to drilling a well, there are many other activities that
may take place during drilling, after drilling is complete, while the well is
producing hydrocarbons, a source of gecthermal energy, water, or some other
material from the earth, and during the sensation of production, after production
has stopped, and before and during the recommencement of production. Such
well services, intervention, workover and completion activities may be performed
using various types of line structures and devices for entering into the well. The
toughness, e.g., strength, durability, shear strength, tensile strength, ductility, and
combinations and variations of such properties, of these structures and devices,
such as tube, rod and line structures, have been steadily increasing, and itis
believed will continue to increase. With increasing toughness, these devices and
structures have found more and more uses and applications.

[Q018] Pipeline services may, and do, involve some similar services {o
well services, such as cleaning, scraping, repairing, measuring, and observing.
Pipeline services may also be, and in many situations are, performed on a
pipeline that is under pressure, containg a fluid, is flowing, and combinations and
variations of these. In the use of PIGs to perform such services, and in particular
taser-P1Gs (see US Patent Application Serial No. 13/386,882, the entire
disclosure of which is incorporated herein by reference), line structures, such as
umbilicals, may be used with the PG and extend from the inside (pressure,
flowing side) of the pipeline 1o the sutside ambient environment {e.g., above
ground, below ground, under a body of water, under the sea floor, etc.). Inthese
pipe line applications, pressure control systems, devices and methods will need
{o be emploved, which should properly operate, if an issue or need arises where
the point of entry into or exit from the pipeline for the line siructure needs (0 be
guickly sealed off.

[Q019] The use of tubse, rod and line structures and other intervention
devices and sinuctures can present a significant cost savings because of their
smalier diameter, lighter weight and easy of deployment and retrieval. Such cost
savings, and other advaniages, may be realized in well, chemical plant, nuclear
facilities and pipeline services. For example, in workover activities use of a line
structure has several advaniages, when compared 1o jointed drilling pipe.
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Because of their relatively small size, line structures can be deployed with lighter,
smaller and less expensive deployment units than dnill pipe. Line structures can
be utilized in ways that are quicker, cheaper, and less risky for the environment
and personnel than drill pipe. The use of line structures for services and
intervention activilies can minimize, reduce, or eliminate lost production, among
other bensfits and advantages.

(00201 Many, most, and possibly the vast maiority, of well services,
intervention, workover, and completion activities take place in situations where
well pressure, flow, and both, need t© be managed, controlied, regqulated or
otherwise addressed. However, the increasing toughness, and smaller diameter,
of line structures, as well as other devices and structures, has made it ever more
difficult to cut these structures in @ pressure management situation, emergency
situation, or other situation where the well nesds o be shut off, closed, or
otherwise have the pressure, flow or both reguiated, managed or confained.
Thus, larger, heavier, and more power BOPs are needed to cut through these
struciures; even though such increased size is, in many situations, may not
necessarily be needed 1o otherwise manage the pressures encountered during
well service, intervention, workover and completion activities. This, need for, and
use of, such larger BOPs adds increased cost, increased time, and may require
additional ifting units, equipment, modifications 1o the well site {0 accommodate
the BOP’s size, and other factors that are contrary fo, mitigate against, or reduce
the benefits of using structures such as line structures.

[0021] Thus, there has long been a long standing need, which is
increasing, for devices, apparatus, systems and methods, that can quickly and
reliably cut line and other type structures, when such culting is necessary,
required or beneficial, during well service, intervention, workover and completion,
pipe ling, or other aclivities; and to do so in a smaller, lighier weight, and more
easily useable system; and o do so in a manner that controls or manages
pressure or fiow and combinations and variation of these. This need has grown
ever more imporiant as the toughness of these structures, a.g., line structures,

has increased.
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SUMMARY

{00221 There has been a long standing need for improved systems that
can provide safe and effective control of well, pipeline, and other conditions, and
in particular, to do so during the use of devices and structures for servicing,
assembling, inspecting, maintaining, constructing, intervening, repairing,
enhancing, recovenng, or other activities. The present inventions, among other
things, solve these and other needs by providing the articles of manufacture,
devices and processes taught herein.

[0023] Thus, there is provided hersain the systems, devices, apparatus
and methods set forth in the claims, specification and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] FIG. 1A is a perspective view of an embodiment of a laser
pressure control device in aocordance with the present invention.

[00258] FIG. 1B is a cruss sectional view of the device of FIG. 1A,

[0028] FIG. 2 is a parspective view of an embodiment of a laser
slickline stuffing box in accordance with the present invention.

(00271 In FIG. 3 is a perspective view of an embodiment of a laser
stuffing box in accordance with the present invention.

[0028] FIG. 4 is a schematic of an embodiment of a laser line structure
valve assembly in accordance with the present invention.

[0028] FIG. 5 is a perspective view of an embodiment of an intervention
laser cutting device in accordance with the present invention.

[0030] FIG. 6A s an embodiment of a laser cutting head in accordance
with the present invention.

[0031] FIG. 6B is an embodiment of a laser cutting head in accordance
with the present inveniion.

[0032] FIG. 8C is an embodiment of a laser culting head in accordance
with the present invention.

[0033] FIG. 6D is an embodiment of a laser cutting head in accordance
with the present invention.

[0034] FIG. 6k is an embodiment of a laser cutting head in accordance

with the present invention.
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[00358] FIG. 7 is a perspective view, and an enlargad sectional view, of
an embodiment of a wireline/slickline laser intervention pressure control system
in accordance with the present invention.

[0038] FiG. 7A is a perspective view of the embodiment of FIG. 7, in an
embodiment of a wireline/slickline laser intervention pressure control system in
accordance with the present invention.

[0037] FIGS. 8A, 8B, 8C and 8D are schematic snap shot views of an
embodiment of a process in accordance with the present invention.

[0038] FIG. 9 is a schematic view of an embodiment of a wireline/CT
laser cutting device in accordance with the present invention.

[0038] FIG. 10 s a prospective view of an embodiment of a laser line
structure pressure management system in accordance with the present invention.

[0040] FIG. 11 is a schematic view of an embodiment of a laser line

structure pressure management system in accordance with the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0041] The present inventions relate to the delivery and utilization of
high power laser in pressure control systems, devices and applications; and in
particular, o systems, methods and structures for ulilizing high power laser
energy in well service, intervention, workover and completion activities, in
pipeline activities, in chamical plant activities, in refining aclivities, in nuclear plant
activities, and in other locations or facilities where pressure control or
management could be beneficial or needed.

[0042] Generally, pressure control systems and methods utilize various
mechanical devices and techniques o control and manags pressure and flow
conditions during activities, such as forin example in a well or pipeline during
activities, such as, servicing, intervening, working over and completing aclivities.
Such well and pipeline systems perform many and varied activities and have
many and varied applications. For example, and generally, one such application
is the mechanical shutting in, shulling off, or otherwise closing, or partially
closing, of 2 well or pipsline {¢ prevent, mitigale, or manage a leak, blowout, kick,
or such type of uncontrolled, unanticipated, emergency, or in nesd of control,

gvent.
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[0043] Generally, in such situations where the well is being closed, the
associated well control devices are intended 1o close the well quickly and under
any, and all, conditions, e.g., for any and all types of line structure(s), or other
structures, such as rods and tubing, that may be present, in use, and in an area
where they may interfere with, or otherwise obstruct, the closing of the well, such
as, by the closing of a valve, such as, a ball, flap, or gate valve or the closing of
an intervention BOP.

[0044] Tumning to FIG. 1A there is shown a perspective view of an
embodiment of a laser pressure control device that may be used as part of, orin
conjunclion with, for example, other wireline, slickline, or other line structure
handling and deployment equipment and msthods. The pressurg control device
100 has a body 104 and extending from the body 104 is a first connection saction
110 having external threads 101 and extending from the other side of the body
104 is a second connection section 111 having internal threads 102. Thereis a
cavity 103 that opens from the first connection section 110, The cavity 103
extends from and through the first connection section 110; 1o and through the
body 104, and from the body 104 {0 and through the second connection section
111; and opens from that section. Although threaded conneactions are shown,
any other type of connection known (o the ari, or later developed, may be used,
provided such connections meet pressure management, and any other
operational requirements. A first high power laser cable 105 enters the body
104, and a second high power laser cable 106 enters the body 104. A single
laser cable, three, four or more laser cables may be used; and one or more of the
laser cables may enter the device through other sections or components of the
device. VWhen in use, or deploved, the high power laser cables are optically
associated with a high powaer laser as a source for providing a high power laser
heam. A fiber may be used in a cable or two, three, four or more fibers may be
used in a cable. Aclivation stems 107, 108 provide for connection to control lines
for controlling the valve 120 that iz positioned with the body 104, sensor, data
and monitoring lines may also enter and exit through these or other poris in the
device 100.

[0045] Turning to FIG. 1B, there is shown a cross sectional view of the
laser pressure control device 100 of FIG. 1A, There is a ball valve 120, shown in
the open position, and thus the cavity 113 in the ball valve 120 is in line with, and

10
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does not block the cavity 133, The body 104 has a minimal wall thinness 121,
which preferably is based upon the pressure reqguirements for a particular
application, plus acceptable safety margins, but which more preferably does not
have to be based upon the strength of the line structures to be used, or a force
requirement to close the ball valve by culting such line structures that may be
interfering with the closure of the bal] valve.

[0046] In addition {o ball valves, other types of valves and closing
assemblies may be used in conjunction with laser beam delivery devices, e.g.,
laser cutters, such as, gate valves, flap valves, intervention DOPs, workover
BOPs, wireline BOPs, other types of closure assembilies that are used for
example in the oil field, chemical plants, refineries, nuclear plants or with
pipelines, and closure assemblies that may be later developed. Preferably, the
body, housing or walls of such other valves and closing assemblies has a
minimal wall thinness 121, which preferably is based upon the pressure
requirements for a particular application, plus acceptable safety margins; but
which more preferably does not have to be based upon the sirength of the line
structures 1o be used, or a force requirement 1o close the valve or other closures
assembly by cutting such line structures that may be interfering with closure.

{00477 Turning back to the embodiment of FIGS 1A and 1B, a first
laser cutler 131 and g second laser cutler 132 that gre located within the body
104. These laser cuiters may be positioned at other locations within, on, or
associated with the body 104, or within, on, or associated with the device 100.
They may be in a separate, separable, fixed or integral ring, module or device
that is positioned between the body 104 and the connection sections 110, 111.
They may be in a3 conneclion seclion, e.g., 110. They mav be 3 separate
maodule, ring or device that attaches to a connection section. The lasers cutters,
may scan the laser beam, rotale the laser beam around the cavity, provide a fan
shaped laser beam, provide a laser beam having a predetermined shape {(such a
ling, a rectangle, s square, a spoi, an ellipse), provide a spoke like laser beam
pattar with a plurality of laser beams forming the spokes, have a laser beam(s)
travel across the cavity, and other combinations and variations of these and other
methods of laser beam delivery. They may provided for one, two, three, Tour or
more laser beam delivery paths, and have laser beams travel, 7.e., be propagated
along, these paths. One, two, three or more laser cutters may be used in a laser

11
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pressure control device, with @ach providing one, two thres, four or more laser
beam paths, and laser beams along those paths.

[0048] In operation the laser beam(s} performs some, most, and
preferably all of the cutling of any line structure that is present in the space, area,
or location, e.g., cavity 103, ball valve cavily 113, where the closing member,
e.¢., ball valve 120, resides, passes through, or is otherwise presant when
activated 1o close or seal off a well. Thus, 2 laser pressure control device need
only have sufficient strength to contain any pressure that the device may be
exposed o {plus any additional safety margins}. Preferably, it does not need
extra strength {o hold, or other wise handle, the forces needed to mechanical
shear a line structure, because the laser beam(s} are performing this activity.
Although it is understood that additional strength may be ulilized for other
purposes.

[00438] By way of example, the minimal thickness of a body having a
sealing cavity for a particular type of body material, inner cavity diameter, and
pressure rating is set forth in Table L

[0050] Tablel

insida ) ) ) )

giameterin | 29118 3-8 44116 | 548 5-3/8 71418 8 14
inches

FPressure . ) . o

Rating in tinimum Outside Diameter in ihches

psi

3.000 =118 3-1/4 4-3118 5508 | 6-8/18 7-3/8 2-38 11-3/8
5,000 2-3i4 3-5/118 4-1/4 5-3/5 8-3/4 7-7116 2716 11-142
10,000 2-13/18 3-172 4-1/2 5-5/% 7 T-34 9718 12-18
15,000 3 3-58 4-3/4 & 7-5/18 8-1/8 138 12-848
20,000 3-8 3-7/8 5 6-1/4 7-748 >8/18 10-7/8 13-8/18

inzida

diamelbar in 2.5825 3.1250 40525 51250 83750 70825 9.0000 11.0000
inches

Pressuie

Rating in Minimum Standard Wall Thickness in inches

psi

3,000 1250 ¢ 1250 0.1250 01875 | 01875 0.3425 03750 03750
5,000 4.1875 §4.1875 0.1875 2.25300 | 0.3750 03750 3.4375 2.5000
10,000 042300 0.3750 04375 0.5000 | ¢.8250 08873 2.8750 4.425%
15,000 4375 ¢.5000 0.6875 08753 | 0.8375 1.0825 13750 16350
20,000 0 5825 4 7500 [EREE T 11250 | 1 5000 1 5000 1 A7E0 23125
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[0051] Woell pressure control eguipment may be, and in the majority of
situations is, an important component of performing a service or operation of a
facility, for example, performing a well service or pipeling service operation. Such
equipment, methods and technigues can play an important role in in the
prevention of injury to personnel, harm to the environment and potential Ioss of
facilities. Embodiments of the [aser line shearing and sealing devices, systems,
methods and apparatus of the present inventions address these issues, and do
so with smaller lighter weight devices, that still have the capability to cut through
the current and future line structures, rods and tubes, which may be used in such
operations. Thus, for example, embodiments of the present laser line structure
shearing and sealing devices, systems and apparatus may be used for, in, with,
or in conjunction with, well control equipment and procedures, such as: snubbing
equipment and operations; wireline equipment and operations; coiled {ubing
equipment and operations; well intervention equipment and operations;
perforating equipment and operations; wireline surface pressure control
eguipment and operations; coiled tubing surface well control equipment and
operations; workover equipment and operations; and equipment and operations
to address hydrate formation.

[00582] Well pressure control systems, which are designed and intended
o handle line structures, are significantly different from drilling BOP systems,
which are designed and intended o handie jointed drill pipe, jointed casing, and
0 be used duning drilling operations. The increased size of drilling BOPs, and
their configurations, may also make it problematic for these large devices to
handle, e.g., trap and cut line structures. The present laser pressure control
modules, devices and assemblies further differ from drilling BOP systems, by
reducing, and preferably significantly reducing the size, weight, ease of
deployment, and ease of use of such systems. [t should alsc be noted that
embodiments of the present laser pressure control modules, devices and
assemblies may be usad with, or in addition to, a intervention BOP systems,
wireline BOP systems, and coiled tubing BOP systems. Thus, for example, to the
extent that a wireline BOP is incapable of cutting a particular line structure that is
going 10 be used at a well, one or more laser pressure control module{s) can be
added 1o the wireline BOP system {0 insure that the line structure can he cut and
the well closed off. In this embodiment the laser pressure control module may
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have a laser culter assembly, or it may have a3 laser cutter and sealing valve
assembly.

[0083] Preferably, the bodies, housing or structures of the
embodiments of the present laser pressure modules, devices and assemblies are
constructed to handle, have the capability 10 handle, or most preferably have a
pressure rating that meets or excesds the expected surface pressure, e.¢., the
highest pressure predicted o be exerted upon the surface of a well, which should
include the reservoir pressure, as well as applied surface pressure, for which the
embodiment is expected to be used.

[0054] Opergtions that may be performed while managing pressure
using an embodiment of the present laser modules devices and assemblies,
would include for example: operations conducted on g well with the tree installed;
cutting paraffin; removing and setting pump-through-type tubing plugs, gas-lift
valves, and subsurface safety valves, which can be removed by wireline
operations; bailing sand; pressure surveys; swabbing; scale or corrosion
treatment; caliper and gauge surveys; comresion inhibitor treatment; removing or
replacing subsurface pumps; through-tubing logging, e.g., diagnostics; wireline
fishing; and sefting and retrieving subsurface flow-control devices.

[00858] Further, and for example, wireline perforating operations, as well
as, any wireline operations where communication exists between the completed
hydrocarbon-bearing zone(s) and the wellbore may use a lubricator assembly
containing a laser wireline valve having a laser cutter associated with the valve {o
cut any line structure that may be present during the wircline operations.

[0056] Laser module rig assist snubbing units can provide a fast and
economical means of running tubing under pressure. Thus, providing the ability
{o work with a live well, which eliminates, greatly reduces, or miligates the risk of
kili fluid damage and the time and expense of unloading fluids from the wellbore.

[00B7]  An example of a deployment and retrieval unit that may be used
with, or include an embodiment of the laser modules, devices, systems and
assemblies, would include by way of example, a small hydraulic rig assist unit
that is gooseneck traller mounted, or bobtall truck mounted for easy
transportation and mansuverability, diesel fuel power units; jack assembly
{available with or without work platform); and a pipe handling winch. The unit
may also have a wireling BOP, e.g., 5,000 psi BOP. The line structure may be
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wound around a large {3 to 10 feet in diameter) spool. Such a unit can safely
handle most line structures, including for example tubulars up 1o 3-1/2" at
pressures up 1o 1500 psi and 2-7/8" and smaller tubing at 2000 psi. Rigup is
quick, and usually may take less than about 1 hour.

[00588] The laser modules, devices, systems, apparatus and units may
be used with may different types of wireline tools, for example the present
inventions may be used with: sonic and ulirasonic tools; magnetic resonance
tocls; borehole seismic tools; cased hole electric ling tools; cement bond tools;

casing collar locator tools; perforating tools; setting and fishing tools, tractors.

[0059] Tuming to FIG. 2 there is shown an embodiment of a laser
manual slickline stuffing box, which guides the slickline 202 from the botiom hay
pulley 206 (held by suppert frame 207) into the iop of the lubricator rig-up 205
and contains well pressure when the slickline is moving or stationary. The laser
cutting unit 204 has a laser cable 203 connected to a source of high power laser
energy and has beam paths, beam propenies, and beam power (o cul the
slickline present in the cavity, within the laser culting unit 204. The laser cutling
unit 204 may aiso have 3 valve for sealing of, shutting off, the well after the laser
beam from the laser cutter severs the slickline. In use, the slickline is passead
over the sheave wheel and down through a manually energized packing stack in
the stufiing box body. Upper and lowsr bushings are provided 1o ensure that the
slickline is properly guided info the assembly.  Internal components may be
made from brass and the packing material may be made from a cord filled nitrile.
It being recognized that other materials ¢an be used. Alaser culting module and
closing valve assembly may also be used with a hydraulic slicklineg stuffing box,
as well as other types of stuffing boxes.

[0080] Laser stuffing boxes can handle, e.q., seal against, advance and
refrieve, perform service operations, and cut and seal, for example: 0.092" o
0.125" slickline, and 0.140" to 0.160" slickline, as well as other sizes of slickline
and line struclures.

[0081] Tuming to FIG. 3 there is provided a perspective view of an
embodiment of a liquid seal stuffing box and laser cutling and sealing assembly
200. This assembly 300 has a liguid stuffing box 303, and a laser cutting
assembly and sealing assembly 306, The liquid stuffing box 303 has an opening
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304 to an internal cavity, the opening having a threaded connection 305 on its
outer side (although other types of connections may be used). The liquid stuffing
box 303 has a first fitting 301 and a second fitting 302, This device can be used,
for example, with a conventional hydraulic slickline stuffing box, o give the
primary seal on a slickline, and mamtain pressure integrity when running in and
out of 3 borehole. These devices, preferably may be used on high pressure or
hostile wells, although it may be used on any type well, and will provide a lower
friction seal than a conventional stuffing box, on any well. The laser cutting and
sealing assembly 300, has a laser module and sealing assembly, such as a
valve, and may have one, two, or more laser delivery assemblies, sach providing
a laser beam path and laser beam. In this embodiment the laser cable is internal
o the unit and would exit through the fitting, or a separate fitting or connaction
receptacie. The laser culting and sealing assembly 306 is capable of laser
cutting the slickline present in the cavity and sealing or shutting off the well afler
the laser beam from the laser cutter severs the slickline.

[Q062] During normal operation, e.q., before an emergency laser
cutting and closing of the laser module sealing assembly, pressure control is
achiaved by passing the line structure through several closely fitting tubs
structures and pumping grease into the annulus between the line and these
structures, at a pressure slightly above well pressure. The closeness of the fit
between the line and these tube structures, combined with the design of the
interface between each of them, creales a sequential pressure drop, such that
there is no residual well pressure as the wireline exits the top of the assembly of
tube struciures.

[0063] A laser cutling module, device, assembly, or a laser cutling and
sealing device, module, or assembly may be use in conjunction with, or as a pan
of, a grease injection control head. Generally, these devices may be positioned
on {op of a lubricator or a lubricator rig up, and generally, contain well pressure
whilst running braided cable in or out of a well.

[Q084] A laser cutting module, device assembly, or a [aser cutting and
sealing assembly may also be used in conjunction with, or as a part of other oil
service pressure control related equipment, such as an hydraulic pack off, an in-
situ pressure test sub, pump-in tees, tees, and other similar or related types of

devices.

g

16



10

25

WO 2014/039977 PCT/US2013/058777

[0085] Tumning to FIG. 4 there is provided an embodiment of a line
structure valve assembly 400. The assembly has three double-sided valves 404,
405, 406 for closing, or shutting off a well. More or fewer valves may be utilized.
The assembly has three laser modules, 401, 402, 403 more or fewer may be
used. In operation the laser modules, fire a laser beam within the cavily of the
assembly, severing any ling structure present, so that g valve can close without
being obstructed by the line structure. The valve assembly 400 has a connection
fitting 409, and a connection fitting 408 and a cavily 407 that extends through the
assembly 400.

[00668] The use of the laser devices, permits the assembly 1o have a
configuration that is very compact and light weight, because the laser rather than
the valves is doing the cutting of the line structure. This compact design provides
for several advantages, including for example use in offshore operations, where
the assembly is lowered through a restricted hatch space on a deck or platform,
for example, onto a Chrisimas tree.::IJThese valve assemblies may, for example:
have manual andfor remote hydraulic operated valves; have cavity |Ds of from
3.007 1D to 9.007 ID; have operaling pressures, ralings or capabilities of from
about 5,000 psi, about 10,000 psi, about 15,000 psi, to about 20,000 psi, have
environmental operating temperature ranges from about -28 1o 121 Degrees €,
about -20 to 250 Degrees C, about -75 16 650 Degrees C, about -80 to about 345
Degrees C, have quick union or AP flanged connections, have the capability to
deliver a laser beam in each laser module having at least about 5kW, about
10kW, about 20kW and more; have a cavity or through bore that is about 3.007,
about4”, about 5-1/8", and about 6-1/8." The valve assembly parameters and
operating capabilities may be larger or smaller than those in the ahove exemplary
ranges.

{00871  Tuming to FIGG. 5, there is shown an embodiment of an
intervention laser cutting device, as set forth in the drawings and text of this
figure. This device may be added above axisting pressure control devices and
can be fabricated with flange, threaded or hub connectors. Isolation valves can
be used (o zllow isolation once severed objects have been cleared from the valve
bore. The device may have one, two, three or more laser heads. When multiple
laser heads are used, the laser heads may be configured at various orientations
with respect 10 each other, e.g., 90° or 180°. The intervention laser cutting device
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500 has an emergency isolation valve 501, a laser cutling assembly 502, a cross
over 503, feed lines 504a, 5040 {that have high power laser fibers, connected {0
a high power laser and fluid lines, for the laser cutter assemblies) and a BOP
stack 506.

[0068] Tumning to FIGS. 8A, 8B, 8C, 6D, and 6k there are shown
embodiments of laser cutting devices having variocus configurations of laser
heads or laser delivery devices with respect fo a bogdy forming a cavity. In these
drawings the laser heads are show disassembled from the body, it being
undersiood that in use, the laser heads would be attached, e.¢., screwed into, or
octherwise mechanically associated with the body.

[0069] FIG. 6A depicts an embodiment of a single laser head
configuration, having a laser beam delivery device 800, providing a laser beam
along beam path 601 in body 602. FI(G. 68 depicts an embodiment of a 180°
two laser head configuration, having a laser beam delivery device 811, providing
a laser beam along laser beam path 6103, and a laser beam delivery device 612,
providing a laser beam along laser beam path 610b, both in body 813, FIG. 6C
depicts an embodiment of a 80° two laser head configuration, having a laser
beam delivery device 622, providing a laser beam along laser beam path 824b,
and a laser beam delivery device 620, providing a laser beam along laser beam
path §244, both in body 823, FIG. 6D depicts an embodiment of a three laser
head configuration, having a laser beam delivery device 631, providing a laser
beam along laser beam path 634¢, g laser beam delivery device 630, providing a
laser heam along laser beam path 834b, a laser beam delivery device 633,
providing a laser beam along laser beam path 634a, all in body 632, FIG. 8E
depicts an embodiment of a four laser head configuralion, having a laser beam
delivery device 642, providing a laser beam along laser beam path 6454, a laser
heam delivery device 644, providing a laser beam along laser beam path 6453, a
laser beam delivery device 640, providing a laser beam along laser beam path
6450, a laser beam delivery device 841, providing a laser beam along laser beam
path 645¢, all in body 643,

{00701 The laser beam paths, and laser beams traveling along those
paths are divergent, i e, the laser beam broadens as it leaves the laser head and
fravels into the cavity. The angle of divergence may vary from about 0 degrees,
which would essentially be a collimated beam, t0 about 30 degrees, to about 45
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degrees, {0 about 80 degrees, {6 about 85 degrees and greater. Preferably, the
number, placement and beam divergence angle are selected to provide the
maximum, and preferably total coverage of the cavity area.

[0071] In addition to a diverging beam, the beam may be focused. The
power of the laser beams can be selected based upon the divergence, the
diameter of the cawity and other factors, 1o provide a laser beam fluence that is
appropriate to insure that any line structure in the cavity will be cut. Thus, for
example, the laser power, beam shape, number of laser heads, and position of
tasers about the body may be such that the laser fluence in the cavity is uniform,
is substantially uniform, that at least about 30% of the area is uniform, at least
about 80% of the are is uniform, and at least about 79% of the area is uniform.

[0072] Forexample, a preferred embodiment of a laser delivery device
may consist of a collimated or focused laser beam, a laser beam director and a
camera system for fracking the position of the wire within the body. The volume
in the cavity is purged with a transmissive fluid, either gas or water. The position
of the wire is sensed using a high speed, medium speed, or normal video rate
camera and the laser beam will e direcied onto the wire using a high speed,
medium speed, or low speed beam directing system. The camera has a set of
filters fo enable it to actively see the wire while the laser beam is incident on the
wire. This enables the laser to be continuously trained on the wire to insure it is
severed in the shortest time. The laser beam is directed by either a moveable
mirror, a moveable prism, a galvometer (high speed motors) or a high speed
servo system.

[0073] The wire may be centralized using for example g sphincter,
which is used to isolate the velume prior (o purging with a transmissive fluid such
as gas or water. When the volume is purged a laser beam of sufficient width and
height will be used {0 rapidly severe the wire by heating it beyond iis yield

[0074] The laser beam power, and resuliant fluence, are preferably
established to minimize, manage, or avoid significant or structural damage to the
inside wall of the cavity from the laser beam,; and preferably to avoid any damage
o that inside wall of the cavity. Further, to address this inside wall damage issue,
the surface of the wall, or the wall itself, may be made from materials that reflect
the laser beam. The wall of the struciture may be lined with a high temperature
refractory such as graphite, titanium, alumina, etc.
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[0075] I further being understood that although a circular body and
cavity are shown in the embodiments of the figures, and are preferred, other
shapes and configuration may be used, e.g., a square, rectangle, ellipse.

[0078] A sufficient laser fluence is required o cut the wire
material. This fluence typically requires the use of a focused beam, at least in
one axis. In order to scan the cavity with a high fluence line an active zoom
systemn can be used which moves a ling focus across the cavity. The line focus
can be created using cylindrical, torroidal, or anamorphic optics of a refractory or
reflective nature. The focused line can be moved across the cavity by either
moving all the optics in unison, .. scanning a fixed focal length line across the
cavity, or by maving the oplics relative 10 one ancther, thus creating a change in
the effactive focal length of the focusing optics system and crealing a sweeping
effect.

(00771 Rather than using a line focus, a focused point, in both ax)s,
may be used. This point can be scanned through the cavity using rastering. A
highly focused point can be used, which in this case, the rastering would work in
combination with active zoom optics o scan the cavity and create very high
fluence areas at every point within the cavity. Alternatively, optical systems may
be designed at sufficient power levels (o provide an accepiable depth of focus
and fluence level 1o cut the wire anywhere within the cavity. In this way the
collimated or semi-collimated beam may be rastered across the cavity. The
rastered beam may be circular, elliptical, or any ¢other shape that provides
sufficient fluence to cut the wire.

[0078] Further, the wire may be cut by providing sufficient energy to
heat the wire to its melting point through localized bulk heating. The energy may
he delivered directly from the laser delivery device inlo the laser cavity without
application of beam shaping optics or with the use of beam shaping optics to
improve its efficiency, i.e. collimation or focusing of the beam energy into the
cavity area.

[0078] Tuming to FIG. 7, and FIG. 7A there is shown an embodiment of
a laser intervention system. Turning first to FIG. 7A the embodiment has a
wireline/slickline lubricator 707, a wireline or slickline 708, a well head 708 and a
laser cutting and sealing assembly 700, Turing now to FIG. 7, there is shown a
detailed view of the laser cutling and sealing assembly 700. This assembly has a
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cross over 701, an isolation valve 702, a laser culting assembly 703 having feed
fines (laser and fluids) 705a, 705b

[0080] Turmning to FIGS. 8A, 8B, 8C and 8D shows a sequence of a
process for converting and existing high pressure gate valve having a flow path
through the valve body assembly into a high pressure laser cutter assembly. In
FIG. 8A there is a high pressure gate valve 802 having a valve bonnet and stem
801 bolted to a body having a cavity 803 extending through the valve body. In
FIG. 8B the valve bonnet and stem 801 have been removed from the body
leaving a opening 804 that is in fluid communication with the cavity 803. In FIG.
8C the laser culling head 805 is positioned above the opening 804. The laser
cutting head 805 has a cavity 807, which has the laser beam path 806 exiending
across i to a beam absorptive or reflective material 808, FiG. 8D shows the
laser head 805 inseried inte the opening and bolted o the body. The laser head
cavity 807 and the body cavity 803 are aligned and in fluid communication.

[0081] FIG. 9 provides a detailed view of the embodiment of the laser
head and valve body assembly 800. In this assembly 900 a standard high
pressure gate valve body 907 has had its valve stem and bonnet removed and a
laser insert 820 has a flange 903 that is bolted to the body 807, The laser insert
820 has an optlics package 802 with a laser cable 801 (which is connected to a
high power laser and provides the high power laser beam to the optics package).
The laser insert 920 has a laser nozzle 904 {(which mav be a fluid jet laser and in
which case the a source of fluid for the laser jet would be provided to the nozzle).
In operation a laser beam 908 is launched upon laser beam path 0% into a beam
dump (laser beam absorplive material, or reflective materialy There is also a
sleeve 905 that has an opening with cavity 810,

[0082] FIG. 10is an embodiment of a laser pressure control systemn
1000, as deployed on an aclive well. This systemn has a line structure 1002, e.g.,
a wireline, or slickline, that has a lubricator 1001 (having a grease head or pack-
off), a BOP 1002, a laser cutting assembly 1003, e.q., the embodiment of FIG. 8,
and a well head 1004.

[0083] An embodiment of a high power pressure confrol laser system
and its deployment equipment, as deployed in the field are provided in FIG. 11,
Thus, there is provided a mobile laser conveyance truck (MLCT) 2700, The
MLCT 2700 has a laser cabin 2701 and a handling apparatus cabin 2703, which
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is adjacent the laser cabin. The laser cabin 2701 and the handling cabin 2703
are located on a truck chassis 2704, The MLCT 2700 has associgted with it
tubricator 2705, for pressure management upon entry into a well.

{0084] The laser cabin 2701 houses a high power fiber laser 2702, (20
kW, wavelength of 1070-1080 nmy; a chiller assembly 2706, which has an air
managemeant system 2707 to vent air to the outside of the laser cabin and to
bring fresh air in (not shown in the drawing) to the chiller 2708. The laser ¢cabin
also has two holding tanks 2708, 2708, These tanks are used to hold fluids
needed for the operation of the laser and the chiller during down time and transit.
The tanks have heatling units to control the temperature of the tank and in
particular to prevent the contents from freezing, if power or the heating and
codling system for the laser cabin was not operating. A controf system 2710 for
the laser and related compenents is provided in the laser cabin 2701, A parition
2711 separates the interior of the laser cabin from the operator booth 2712,

[Q085]  The operator booth contains a control panel and control system
2713 for operating the laser, the handling apparatus, and other components of
the system. The operator booth 2712 is separated from the handling apparaius
cabin 2703 by partition 2714,

{0088] The handiing apparatus cabin 2703 contains a spool 2715
{about 6 ft OD, barrel or axle OD of about 3 feel, and a width of about 6 feet)
holding about 10,000 feet of line structure 2717, This line struciure may be 3
conventional line structure, such as a wireline, braided line, or slickline, or it could
be a high power laser conveyance structure for operations with a high power
downhole laser tocl. The spool 2715 has a motor drive assembly 2706 that
rotates the spool. The speol has a holding tank 2718 for fluids that may be used
with a laser ool or otherwise pumped through the line structure and has a valve
assembly for receiving high pressure gas or liguids for flowing through the line
struciure, if nesded.

Q0871  The laser 2702 may be optically associated with the line
struciure 2717 on the spool 2715 by way of an optical fiber and optical slip ring
{not shown in the figures). If the line structure is a high power laser conveyance
structure for use with a laser teol. The laser 2702 is optically connected (o the

faser cutting device by a high power laser cable (not shown in the drawings). The
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fluid tank 2718 and the valve assembly 2719 are in fluid communication with the
line structure 2717 on the spool 2715 by way of a rotary slip ring (not shown).

[0088] The laser cabin 2701 and handling apparatus cabin 2703 have
access doors or panels {not shown in the figures) for access to the components
and equipment, to for example permit repair, replacement and servicing. Atthe
back of the handiing apparatus cabin 2703 there are door(s) (not shown in the
figure) that open during deployment for the convevance structure o be taken off
the spool. The MLCT 2700 has a generator 2721 1o provide electrical power o
the system.

[0088] The MLCT 2700 is positioned near a welihead 2750 having a
Christmas tree 2751, a laser cutling device, such as the device shown in FIG. 9,
a wireline BOP 2752 and a lubricator 2705, The line structure 2717 travels
through a winder { g.q., lins guide, level wind} to a first sheave 2753, {0 a second
sheave 2754, which has a weight sensor associated with it. The line structure
2717 enters into the top of the lubricator and is advanced through the wireline
BOP 2752, laser cufting device, tree 2751 and wellhead 2750 into the borehole
{not shown) below the surface of the earth 2756. The sheaves 2753, 2754 have
a diameter of about 3 feet.

[0080] Inthe event of an emergency situation, or other situation where
there is a need 1o close the well of quickly, the [aser cutter can fire a laser beam
fram the laser and cut the line structure 2717, which can then be pulled up, out of
the area of the wireline BOP 2752, which can be closed without any interference
from the line structure, and seal the well.

[0091] By way of example, the laser delivery assemblies and oplical
cables may be of the type disclosed and taught in the following US patent
application publications and US patent applications: Publication Number
2010/0044106; Publication Number 2010/0044105; Publication Number
2010/0044103; Publication Number 2010/0215326; Publication Number
2012/0020631; Publication Number 2012/0074110; Publication No.
2012/0068086; Serial Number 13/403,509; Serial Number 13/486,795; Serial
Number 13/565,345; Serial Number 61/605,429; and Serial Number 61/605,434
the entire disclosures of each of which are incorporated herein by reference.
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[0082] Laser cutiers, and laser delivery assemblies of the type
disciosed and taught in the following US patent applications: Serial Number
13/034,183; Serial Number 13/034 017, Serigl Number 13/034 037, and Serial
Number 61/798,587, the entire disclosures of each of which are incorporated
herein by reference, may be used as a laser cutter.

{00931 Generally, line structure interventions, such as wireling
interventions, are light interventions, and do net require the applicationof a
drilling BOP or heavy equipment. Thus the intervention equipment can be easy
to assemble and move, they are lighter and as such, among other reasons, they
can improve the number of interventions that can be performed, providing for
example, improved production of a well or field. These interventions can be
performed either onshore or offshore, above the surface of a body of water or
subsea, and can be done as a riser less intervention.

[0094] in moest cases, linag structure interventions can be done
undarbalanced, e.g., reservoir pressure is greater than well pressure, and
accordingly the well is producing hydrocarbons. Examples of line structures that
may be used with laser pressure control equipment in underbalance operations
includes for example: slick line wireline {41/500%, 23/250%, 21/20", 27/250”, 1/8";
braided line wireline (3/16”, 7/32", V4" and 5/16”); heavy duty die-formed slick
fishing line (7/327, 5/18™};, mono-conductor wireline {a single electrical conductor;
3Ne”, 71327, 56", 3/87, 71187y, coaxial mono-conductor for perforation and
production logging (5/167); multi-conductor logging wireline (15/327).

[0095]  Slickline, which is also referred 10 as piano wire is a small
diameter, continuous, solid wire, which is generally only capable of pulling or
pushing by, for example a jarring action. it can be used with laser pressure
control systems for operations such as fishing, gauge cuiting, setting or removing
plugs, deploving or removing wireline retrisvable valves and memaory logging.
Slickline may have a breaking strength of about between 7800 N and 12 380 N,
but may be stronger.

[Q0%8] Laser pressure control systems, sguipment and methods may
be used with line structures, such as slickline, in well interventions or well
services operations such as: running and pulling plugs, chokss, check valves,
efc.; opening and closing circulation devices, circulation valves; checking debris
inside a tubing; checking for waxes, scale, corrosion; tubing perforations,
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cleaning debris inside the tubing and completion components; running and pulling
gas lift or chemical injection equipment; running and pulling DHSV and its inserts;
bottom hole sampling; depth measurement; and, fishing for lost objects.

[0097] Generally, braided line can be more complex than slickline.
Grease injection system, as part of an overall laser pressure control system, is
generally preferred when using braided line o ensure that the intervention BOP,
if present, can seal around the braided contours of the ling. The laser shear
systems provide an advantage of conventional non-laser system in that for
example the same laser system that is qualified 1o cut slickline can be qualified to
cut braided line, and other types of line structures as well. Braided line can
generally be used for heavier duty pulling work. it can have two layers of spirally
coiled armor wire. A braided line without an eleciric conductor in the middie may
also be called 3 sand line and can funclion as a heavy duly slickline. Braided
line can be core-less variety used for heaving fishing and electric-line used for
logging and perforating. Laser pressurs control systems, squipment and
mathods may be used with line structures, such as braided line, in well
interventions or well services operations such as: fishing for lost objects; heavy
duty fishing:; running both temperature and pressure gaugss; running memaory
measurement device, and in general, tasks that can be performed by a slickline.

[0098] In general electrical line or mono-conductor cable is a braided
line with one or more electric conductors contained in the line structure and
generally in the middle. This line struclure can be used for example with
intervention ools that need an electrical power or signal. These line struciures
can have ong, two three, or more electrical lines and may have for example 7 or
maore elecirical conductors, 2.9, logging cables. A laser pressure control system
can cut electrical line.

[0098]  Preferably, a single laser pressure control system will be
gualified to and capable of cutling all types of available line structures, e.g ., the
laser cutter can readily cut slickline, braided ling and electrical line.

[Q010Q] High power laser systems, which may include, convevyance
structures for use in delivering high power laser energy over great distances and
{0 work areas where the high power laser energy may be utilized, or they may
have a battery operated, or locally powered laser, by other means. Preferably,
the system may include one or more high power lasers, which are capable of
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providing: one high power laser beam, a single combined high power laser beam,
rultiple high power laser beams, which may or may not be combined at various
point or locations in the system, or combinations and variations of these.

[00101] The laser modules, laser pressure management devices and
applications of the present invention may be used with, in, or in conjunction with,
existing well intervention, service, workover, and completion equipment, such as
FMC’s Riserless Light Well Intervention, which uses FMC's RLWI stack;
lubricators, and similar types of riserless subsea systems; devices of the type
disclosed and taught in US Patent No. 8,802,571, and, devices of the type
disclosed and taught in US Patent No. 7,578,349, the entire disclosures of each
of which are incorporated herein by reference.

[00102] The systems and devices of Patent No. 7,578,348 (1348 Patent)
are directed to g lightweight Intervention package, but essential fail {o meet that
patents goals. The systems and devices of the "348 Patent could greatly be
improved by the integration of, or use of, a laser pressure containment assembly.
An emphasis on the system of the "348 Paient is that it should be a light weight
package, specifically designed for intervention applications, with the ability to
denioy by means other than a semi submersible or comparable. A goal of the
349 Patent is to have the ability to cut 2.875" CT, wireline, production tubing or
0.204" wall thickness, or tubulars of at least 2.75" or more, in 8 inside diameler
component of ~ 7.0°, with the primary cut / seal being with a failsafe gate
valve. ltis however, very uniikely and will be exceeding difficult, if even possible,
o have a gate valve of this capability and versatility. If such a gate valve could
be oblained it would be a very large, substantial and heavy component. The size
being needed 1o sever the intended structures. Thus, the likely size of any gate
valve that would meet the siated desired performance criteria of the 345 Patent
would be s0 large and heavy as {0 defeat the "3489 FPatenf's goal of having a
lightweight intervention package. Removing the large gate valve and using a
laser cutting device in the sysiem would greatly reduce the weight and size of the
systam, while at the same time likely increase the reliability of cutting the
intended structures. This could then be used in conjunction with a standard fail-
safe gate valve 1o seal the well. The valve is the weight and size savings, as well
as the more reliable severing of items over the gate valve.
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[00103] The FMC system is effectively a wireline only system with a
severing component in the Upper Lubricator Package and in the Well Conirol
Package. The upper cutting component is a ball valve, the lower a BOP
ram. The ball valve would be considered last option isolation should a well
conirol issue arise, and this ball valve is a less than reliable to perform the dual
duty of severing and sealing. Use of a laser cutlter assembly in addition to, orin
the place of the ball valve, would provided a smaller (in the case of substitution)
and more reliable way to cut the wire line at the upper position, allowing the
isclation valve to be closed without possible issue with wire compromising the
seal mechanism of the valve.

[00104] Generally, the It should be noted in both the FMC system and
the "349 Patent system and other conventional intervention systems, the systems
are designed for a single wire or line across the valve, e.g., the cutting and
segling assembly. However, although on rare occasions, due o mishaps,
multiple strings of the wire or line may be within the bore area and need {o be cut
by the sealing member. The presences of muliiple lines or sirings can be very
problematic for conventional systems. The laser pressure control systems, and
laser cutters, can readily and easily cut multiple strings, e.g, one, two, three or
more, that may be present in the cavity, or otherwise present in a manner that
would interfere with the sealing of the well.

[001058] The systemns and devices of US Patent No. 6,608,571 (571
Patent) are essentially a sub-sea wireline lubricator. This lubricator can be used
to drop a tool, housed within the lubricator, down to a well. The lubricator
{containing the tool) is then connected {o the well using an ROV, so that the ool
can then be deploved into the well for an intervention procsdure. Although vague
in the patent, they mention attaching to a BOP system, not a wellhead. if a BOP
system were present, it would most likely not be one fitted for wireline, and thus
addressing a prassure control situation with the tool deployed by wireline could
prove to be problematic, difficult or impossible. This in turm would require the
wellhead, which is not egquipped to handle wireline, to attempt to function in a well
control sifuation, by closing valves and hoping that the valve severs the wire and
segls. This would be a highly problematic practice, and especially with newer
and tougher wirelines, may have a considerable risk of failure. The only
remaining well control component in the 571 Patent’s system, is the grease-head
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pack-off assembly. However, this assembly does not provide the necessary
redundancy or reliability. Essentially all of the issues, problems and risk
associated with the system of the "571 Pateni, could be mitigated and solved by
the use of a small laser culting device positioned at the lower portion of the
fubricator. The addition of the laser cutter would allow the cutting of the wire and
having it drop below the wellhead or BOR bores to gllow closing should the pack-
off fail, or other issues dictate rapid removal, or a rapid responss.

[00108] A single high power laser may be ulilized in the system, or the
system may have two or three high power lasers, or more. High power solid-
state lasers, specifically semiconducior lasers and fiber lasers are preferred,
because of their short start up time and essentially instant-on capabilities. The
high power lasers for example may be fiber lasers or semiconductor lasers
having 10 kW, 20 kW, 50 kW or more power and, which emit laser beams with
wavelengths in the range from about 455 nm {nanometers) to about 2100 nm,
preferably in the range about 800 nm {0 about 1600 nm, about 1060 nm o 1080
nm, 1530 nm {0 1800 nm, 1800 nm to 2100 nm, and more preferably about 1064
nm, about 1070-1080 nm, about 13860 nm, about 1455 nm, 1480 nm, or about
1550 nm, or about 1800 nm {(wavelengths in the range of 1800 nm may be
provided by Thulium lasers).

[00107] An example of this general type of fiber laser is the IPG YLS-
20000, The detailed properties of which are disclosed in US patent application
Publication Number 2010/0044106.

[00108] Examples of lasers, conveyance siructures, high power laser
fibers, high power [aser systems, oplics, conneclors, cutters, and cother laser
related devices, systems and methods that may be used with, or in conjunction
with, the present inventions are disclosed and taught in the following US patent
application publications and US patent applications: Publication Number
2010/0044106; Publication Number 2010/0044105; Publication Number
2010/0044103; Publication Number 2010/0215326; Publication Number
2012/0020631; Publication Number 2012/0074110; Publication No.
2012/0068086; Serial Number 13/403,508, Serial Number 13/488,785; Serial
Number 13/565,345; Serial Number 61/605,429; Serial Number 81/605 434,
Serial Number 61/734,809; and Serial Number 61/786,763, the entire disclosures
of each of which are incorporated herein by reference.
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[00108] An embodiment of a high power pressure control laser system
and its deployment equipment, as deployed in the field are provided in FIG. 11.
Thus, there is provided a mobile laser conveyance truck (MLCT) 2700. The
MLCT 2700 has a laser cabin 2701 and a handling apparatus cabin 2703, which
is adjacent the laser cabin. The laser cabin 2701 and the handling cabin 2703
are located on a truck chassis 2704, The MLCT 2700 has associated with it a
lubricator 2705, for pressure management upon entry into g well.

[00110] The laser cabin 2701 houses a high power fiber laser 2702, (20
kKW wavelength of 1070-1080 nm}; a chiller assembly 2706, which has an air
management system 2707 to vent air to the outside of the laser cabin and ©
bring fresh air in (not shown in the drawing) 1o the chiller 2706. The laser cabin
also has two holding tanks 2708, 2708. These tanks are used to hold fluids
needed for the operation of the laser and the chiller during down time and transit.
The tanks have heating units to control the temperature of the tank and in
particular o prevent the contents from freezing, if power or the haating and
cooling system for the [aser cabin was not operaiing. A control system 2710 for
the laser and related components is provided in the laser cabin 2701, A partition
2711 separates the inferior of the laser cabin from the operator bhooth 2712,

[00111] The operator booth contains a conirol panel and control system
2713 for operaling the laser, the handling apparatus, and other components of
the systern. The operator booth 2712 i separated from the handling apparatus
cabin 2703 by partition 2714.

[00112] The handiing apparatus cabin 2703 containg a spool 2715
{about 6 ft 0D, barrel or axie 0D of about 3 feet, and a width of about 6 feel)
holding about 10,000 feet of line structure 2717. This line structure may be 3
conventional line structure, such as g wireling, braided line, or slickline, or it could
he a high power laser conveyance structure for operations with a high power
downhole laser {ool. Tha spool 2715 has a motor drive assembly 2706 that
rotates the spool. The spool has a holding tank 2718 for fluids that may be used
with a laser tool or otherwise pumped through the line struciure and has g valve
assembly for receiving high pressure gas or liquids for flowing through the line
struciure, if needed.

[00113] The laser 2702 may be optically associated with the line
structure 2717 on the spool 2715 by way of an optical fiber and optical slip ring
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{not shown in the figures). If the line structure is 3 high power laser conveyance
structure for use with z laser tool. The laser 2702 is optically connected to the
laser cutting device by a high power laser cable (not shown in the drawings). The
fluid tank 2718 and the valve assembly 2719 are in fluid communication with the
line struciure 2717 on the spoot 2715 by way of a rotary slip ring {not shown).

1001141 The laser cabin 2701 and handling apparatus cabin 2703 have
access doors or panels {not shown in the figures) for access {o the components
and equipment, to for example permit repair, replacement and servicing. Atthe
back of the handling apparatus cabin 2703 there are door(s) (not shown in the
figure) that open during deployment for the conveyance structure to be taken off
the spool. The MLCT 2700 has a generator 2721 to provide electrical power to
the system.

[001158] The MLCT 2700 is positioned near a wellhead 2750 having a
Christmas tree 2751, a laser cutling device, such as the device shown in FIG. g,
a wireline BOP 2752 and a lubricator 2705. The line structure 2717 travels
through a winder { e.g., line guide, levelwind) 1o a first sheave 2753, {o a second
sheave 2754, which has a weight sensor associated with it. The line structure
2717 enters into the fop of the lubricator and is advanced through the wireline
BOP 2752, laser cutling device, tree 2751 and welthead 2750 into the borehole
{not shown) below the surface of the earth 2758, The sheaves 2753, 2754 have
a diameter of about 3 feset.

[00118] In the event of an emergency situation, or other situation where
there is a need 1o close the well of quickly, the laser cutter can fire a laser beam
from the laser and cut the line structure 2717, which can then be pulled up, out of
the area of the wireline BOP 2752, which can be closed without any interference
from the line structure, and seal the well.

[00117] These various embodimenis of conveyance structures may be
used with these various high power laser systems. The various embodiments of
systems and methods set forth in this specification may be used with other high
power laser systems that may be developed in the future, or with existing non-
high power laser systems, which may be medified in-part based on the teachings
of this specification, to create a laser systemn. These various embodiments of
high power laser systems may also be used with other conveyance structures
that may be developed in the future, or with existing structures, which may be
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modified in-part based on the teachings of this specification {0 provide for the
utilization of directed energy as provided for in this specification. Further the
various apparatus, configurations, and other equipment set forth in this
specification may be used with these conveyance structures, high power laser
systems, laser delivery assemblies, conneclors, optics and combinations and
varigtions of these, as well as, future structures and systems, and modifications
o existing structures and systems based in-part upon the teachings of this
specification. Thus, for example, the structures, equipment, apparatus, and
systems provided in the varicus Figures and Examples of this specification may
be used with each other and the scope of protection afforded the present
inventions should not be limited to a particular embaodiment, configuration or
arrangement that is set forth in 8 particular embodiment in a particular Figure.

[00118] Many other uses for the present inventions may be developed or
realized and thus the scope of the present inventions is not limited to the
foragoing examples of uses and applications. The present inventions may be
embodied in other forms than those specifically disclosed herein without
departing from their spirit or essential characteristics. The described
embaodiments are {0 be considered in all respecis only as illustrative and not
restrictive.

PCT/US2013/058777
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What is claimed:

1. Alaser pressure controd system comprising:
g. a body having g wall defining a first cavity;

b. the body have a connection for connecting the body o a
preasurized system and thereby placing the cavity in fluid

communication with the pressurized system;

¢. the cavity having an inner diameter from about 2.5 inches {0
about 11 inches, and the wall having a thickness of about
0.12 inches to about 3 inches, and the body capable of
holding a well pressure of from about 2,000 psi to about
20,000 psi; and,

d. alaser device associated with the body and providing a laser
beam path in the cavity for propagation of a high power laser

bearn along the laser beam path;

e. wheremn, the laser beam path is configured 1o provide a laser
beam fluence in substantially an entire cross sectional area of
the cavity;, whereby a structure present in the cavity will be cut

by the laser beam.
2. The system of ¢laim 1, wherein the body comprises a ball valve.
3. The system of claim 1, wherein the body comprises a gate valve.
4. The system of claim 1, wherein the body comprises a sealing means,

5. The system of claim 1, wherein the laser beam has a power of at least
about 5 kW,

&. The system of claim 1, comprising: a fiber laser having at least about
10 kW of power; a means for sealing the well; whereby, the system is
capable of closing off the well and containing a well fluid, when the well
has a well pressure of iess than about 30,000 psi.

7. The systern of claim 1, comprising: a fiber laser having at least about
20 kW of power; a means for sealing the well, whereby, the sysiem is
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capable of closing off the well and containing a well fluid, when the well
has a well pressure of more than about 10,0600 psi.

8. The systemn of claim 1, wherein the cavity diameter is about 3.1250
inches, the wall thickness is about 0.1250 inches and the well pressure
capability is about 3,000 psi.

9. The system of claim 1, wherein the cavity diameter is about 3.1250
inches, the wall thickness is about 0.5000 inches and the well pressure

capability is about 15,000 psi.

10. The system of claim 1, wherein the cavity diameter is about 6.3750
inches, the wall thickness is about 1.500 inches and the well pressure
capability is about 20,000 psi.

11. The system of claim 1, wharsin the structure i a line structurs.
12. The system of claim 11, wherein the structure is a8 wireline
13. The system of claim 1, wherein the structure is a rod
14.The system of claim 1, wherein the struciure is tubing.
15. The system of claim 2, wherein the structurs is a line structure.
16. The system of claim 3, wherein the structure is a line structure.
17. The system of claim 4, wherein the structure is a line structure.
18. The system of claim 6, wherein the structure is a line structure.
19. The system of claim 8, wherein the structure is a line structure.
20. The system of claim 10, wherein the structure is a line structure.
21. A well intervention laser pressure control system comprising:
a. avalve body defining a first and a second cavity;
b. the first cavity infersecting the second cavity,;

c. the body having a first connector and second connector, each
connector defining a cavity in fluid communication with the
first cavity, whereby the first cavity, the first connector cavity

and the second connector cavity define a flow channel;
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d. the flow channel having an inner diameter from about 1.6
inches to about 11 inches, and the body capable of holding a
well pressure of from about 2,000 psi to about 20,000 psi;

and,

e. a laser device associated with the body, and positioned in the
second cavity for propagation of a high power laser beam

along the laser beam path;

f. the laser device providing a laser beam path, the laser beam

path traveling through the first and the second cavities; and,

g. wherein, the laser beam path is configured {o provide a laser
beam fluence; whereby a structure present in the cavity will
be cut by the laser beam.

22.The system of claim 21, wherein the body comprises a ball valve.
23.The system of claim 21, wherein the body comprises a gate valve.
24 . The system of claim 21, wherein the body comprises a sealing means.

25 . The system of claim 21, wherein the laser beam has a power of al least
about & k.

26. The system of claim 21, comprising: a fiber laser having at least about
10 kW of power; a means for sealing the well;, whereby, the system is
capable of closing off the well and containing a well fluid, when the well
has a well pressure of lgss than about 30,000 psi.

27. The system of claim 21, comprising: a fiber [aser having at least about
20 kKW of power; a means for sealing the well, whereby, the system is
capable of closing off the well and containing a well fluid, when the well

has a well pressure of more than about 10,000 psi.

28. The system of claim 21, wherein the cavity diameier is about 3.1250
inches, the wall thickness is about 0.1250 inches and the well pressure

capability is about 3,000 psi.
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29.The system of claim 21, wherein the cavily diameter is about 3.1250
inches, the wall thickness is about 0.5000 inches and the well pressure
capability is about 15,000 psi.

30. The system of claim 21, wherein the cavily diameter is about 8.3750
5 inches, the wall thickness is about 1.500 inches and the well pressure
capability is about 20,000 psi.

31. The system of claim 21, wherein the structure is 3 line structure.
32. The system of claim 31, wherein the structure is a wirgline.
33. The system of claim 31, wherein the structure is a slickline,
10 34. The systemn of claim 21, wherein the structure is a rod.
35.The system of claim 21, wherein the structure is tubing.
36. The system of claim 23, wherein the structure is a line structure.
37. The systemn of claim 24, wherein the structure is a line structure.
38. The systern of claim 25, wherein the structure 18 a line structure.
15 38. The system of claim 27, wherein the structure is a line structure.

40. The system of claim 21, comprising a laser beam dump positioned at

the end of the laser beam bath.

41. The system claim 40, wherein the [aser beam dump is positioned in the

second cavity in a manner that does not obstruct the flow channel.

20 42. A laser module for use in a well intervention laser pressure control

system, the laser module comprising:
a. a body having a wall defining a chamber;

b. the chamber having an inner diameter from about 1 inch to
about 11 inches, and the wall having a thickness of about
25 0.12 inches to about 3 inches, and the body capable of

holding a pressure in the chamber of at [east about 2,000 psi;

¢. alaser delivery device attachead to the body and optically

associated with the chamber; and,
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d. alaser delivery device configured 1o provide a laser beam
having a predetermined fluence, pattern and path, exiending
into the chamber;

e. wherein the predetermined laser beam fluence, pattern and
path is capable of cutting a structure present in the chamber

while not damaging the chamber wall.

43 A laser module for use in a well intervention laser pressure control

system, the laser module comprising:
a. a body having a wall defining a chamber;

b. the chamber having an inner diameter from about 1 inch to
about 11 inches, and the wall having a thickness of about
0.12 inches to about 3 inches, and the body capable of
holding a pressure in the chamber of at least about 2,000 psi;

¢. a laser delivery device atiached {o the body and optically
associated with the chamber; and,

d. a plurality of laser delivery devices configured to provide a
plurality of laser beams, each beam having a predetermined

fluence, pattern and path, extending into the chamber;

a. wherein the combined predetermined laser beams fluence,
pattern and path is capable of cutting a structure presentin
any position within the chamber, while not damaging the
chamber wall.

44 A method of retrofitting a conventional valve body in a well control

system, the method comprising.

a. identifying a valve assembly, the valve assembly comprising:
a body defining a cavity capable of heing in fluid
communication with a well, and an opening, the opening
containing a valve bonnet and stem assembly: and,

k. removing the valve bonnet and stem assembly and inserting
into the opening a laser culting head.

Cad
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45 A wireline laser pressure control assembly comprising:

d.

b.

G

d.

an emergency isolation valve
a laser emergency cutling assembly;

a high power oplical fiber in optical association with the laser

emergency cutting assembly, and,

a clogsover.

46 The assembily of claim 45, comprising an intervention BOP.

47 . The assembly of claim 45, comprising a wireline BOP.

48. The assembly of claim 45, comprising a lubricator.

49. The system of claim 1, wherein the pressurized system is an oil well.

50. The system of claim 1, wherein the pressurized system is a natural gas

well.

51.The system of claim 1, wherein the pressurized system is contained

within a chemical plant.

52.The system of claim 1, whersin the pressurized system is 2 pipsline.

53 A pipeline laser pressure control system comprising:

a.

b.

a hody having a wall defining a first cavity,

the body have a connection for connecting the body to a
pipeline and thereby placing the cavity in fluid communication
with the pipeling;

the cavity having an inner diameter from about 2.5 inches o
about 11 inches, and the wall having a minimum thickness of
about 0.12 inches o about 2.3 inches, and the body capable
of holding a pipeline pressure of from about 3,000 psi to about
20,000 psi; and,

. alaser device associated with the body and providing a laser

beam path in the cavity for propagation of a high power laser

beam along the laser beam paih;
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g¢. wherein, the laser beam path is configured 1o provide a laser
beam fluence in substantially an entire cross sectional area of
the cavity, wheraby a line structure present in the cavity will

be cut by the laser beam.
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