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cable electrically connected to a power source, a flmd line
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extending into the wellbore, the motor configured to rotate
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Fractures due to laser
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DOWNHOLE WELLBORE HIGH POWER
LASER HEATING AND FRACTURING
STIMULATION AND METHODS

TECHNICAL FIELD

Disclosed are apparatus and methods for wellbore stimu-
lation. More specifically, embodiments related to apparatus
and methods that incorporate lasers for wellbore stimulation
applications.

BACKGROUND

Methods for stimulating a wellbore aim to provide a
pathway for fluids to flow from the formation to the well-
bore. Hydraulic fracturing i1s one method for stimulating a
wellbore. Conventional hydraulic fracturing injects water at
high pressure into the wellbore, which causes fractures of
the formation. In conventional hydraulic fracturing, an
explosive charge 1s used to perforate the casing and cement-
ing. An explosive charge 1s a high impact technology that
can cause compaction, deformation of the hole, and sanding
and crushing the grains of the rock matenal. The crushed
grains of rock material can be pushed into the formation,
blocking the formation and reducing production.

Additionally, the use of water 1n conventional hydraulic
fracturing 1s icompatible with certain types of formation,
such as shale. Water 1n shale can cause clay swelling, which
blocks flow from the formation to the wellbore.

SUMMARY

Disclosed are apparatus and methods for wellbore stimu-
lation. More specifically, embodiments related to apparatus
and methods that incorporate lasers for wellbore stimulation
applications.

In a first aspect, a system for fracturing a formation from
a wellbore extending into the formation from a surface is
provided. The system includes a laser surface unit located on
the surface, the laser surface unit configured to generate a
laser beam, a fiber optic cable optically connected to a laser
delivery device of a thermal shocking tool, the fiber optic
cable configured to transmit the laser beam to the laser
delivery device to produce a focused laser beam, a power
cable electrically connected to a power source on the sur-
tace, the power cable configured to transmit electrical
energy to a motor, a fluid line connected to a cooling fluid
source on the surface, the fluid line configured to supply a
cooling fluid to a cooling system of the thermal shocking
tool to produce a cooling fluid stream, a protective shaft
extending 1nto the wellbore, wherein the fiber optic cable,
the power cable, and the fluid line are contained within the
protective shaft, the motor configured to rotate a motor shatt,
and the thermal shocking tool physically connected to the
motor. The thermal shocking tool includes a protective case
configured to encompass the laser delivery device and the
cooling system, a rotational shaft connected to the motor
shaft such that as the motor shait rotates the rotational shaft
rotates, the laser delivery device extending from the rota-
tional shaft, the laser delivery device configured to trans-
form the laser beam to a focused laser beam, wherein the
focused laser beam 1s operable to increase the temperature of
the formation to a fracture temperature, and the cooling
system extending from the rotational shait opposite the laser
delivery device, the cooling system comprising one or more
cooling nozzles extending through the protective case such
that the one or more cooling nozzles are configured to
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introduce the cooling fluid stream onto the formation such
that the cooling fluid stream reduces the temperature of the

formation, where the laser delivery device and the cooling
system rotate around the wellbore as the rotational shaft
rotates, where rotation of the rotational shait 1s configured to
alternate between increasing the temperature of the forma-
tion and reducing the temperature of the formation such that
thermal shocks occur and fractures are formed 1n the for-
mation.

In certain aspects, the system further includes a purge
nozzle, the purge nozzle positioned between the surface and
the motor, where the purge nozzle i1s configured to keep
debris from settling on the motor. In certain aspects, the
cooling fluid 1s selected from the group consisting of nitro-
gen gas, liquid mitrogen, helium, air, carbon dioxide, and
water. In certain aspects, the fracture temperature 1s 2000
deg. C. In certain aspects, the system further includes an
acoustic capability. In certain aspects, the focused laser
beam can increase the temperature of the formation to the
fracture temperature 1n less than 1 second. In certain aspects,
the laser delivery device can be positioned to introduce the
focused laser beam to the formation at a pre-determined
angle.

In a second aspect, a method for fracturing a formation
from a wellbore extending 1nto the formation from a surface
1s provided. The method includes the steps of introducing a
focused laser beam to the formation such that the focused
laser beam 1s operable to increase the temperature of the
formation to a fracture temperature. The focused laser beam
1s produced by a laser delivery device extending from a
rotational shait. The method further includes a step of
introducing a cooling tluid stream to the formation such that
the cooling fluid stream 1s operable to reduce the tempera-
ture of the formation, where the cooling fluid stream 1s
produced by a cooling system. The cooling system device
extending from the rotational shait opposite from the laser
delivery device; and rotating the rotational shait such that
the formation 1s alternately introduced to the focused laser
beam and the cooling fluid such that thermal shocks occur
and fractures in the formation are formed.

In certain aspects, the method further includes the steps of
generating a laser beam 1n a laser surface unit, and trans-
mitting the laser beam from the laser surface unit to the laser
delivery device through a fiber optic cable. In certain
aspects, the method further includes the steps of transmitting
clectrical energy from a power source to a motor through a
power cable, and transforming the electrical energy to
mechanical energy in the motor, such that the mechanical
energy rotates a motor shaft, wherein the motor shait is
connected to the rotational shaft such that as the motor shatt
rotates the rotational shaft rotates. In certain aspects, the
method further includes the step of measuring the sound
emitted by an acoustic capability.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other features, aspects, and advantages will
become better understood with regard to the following
descriptions, claims, and accompanying drawings. It 1s to be
noted, however, that the drawings illustrate only several
embodiments and are therefore not to be considered limiting
of the inventive scope as 1t can admit to other equally
cllective embodiments.

FIG. 1 1s a plan view of an embodiment of the laser
fracturing tool.

FIG. 2 1s a plan view of the laser fracturing tool including
the motor and the thermal shocking tool.
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FIG. 3 1s a plan view of an embodiment of the thermal
shocking tool.

FIG. 4 1s a pictorial representation of core samples
fractured by laser.

DETAILED DESCRIPTION

While the scope will be described with several embodi-
ments, 1t 1s understood that one of ordinary skill in the
relevant art will appreciate that many examples, variations
and alterations to the apparatus and methods described are
within the scope and spirit of the embodiments. Accordingly,
the embodiments described here are set forth without any
loss of generality, and without imposing limitations. Those
of skill in the art understand that the inventive scope
includes all possible combinations and uses of particular
teatures described 1n the specification. In both the drawings
and the detailed description, like numbers refer to like
clements throughout.

Described are an apparatus and methods for fracturing a
formation with a laser fracturing tool. The laser fracturing
tool can be used to establish fluid communication between
the wellbore and the formation to improve production of
formation fluids. Advantageously, the laser fracturing tool
can provide a targeted method of fracturing the formation as
compared to a conventional hydraulic fracturing. The laser
fracturing tool can be used to target the location of the
fracture, such as targeting the angle and depth of the
fracture. In addition, the laser can be located along fault
lines. Advantageously, the rotation of the laser fracturing
tool means the method of fracturing can be implemented
around the entire circumierence of the wellbore without the
need to reposition the tool. Advantageously, the laser frac-
turing tool 1n the absence of a hydraulic fracturing step. The
absence of hydraulic fracturing has environmental advan-
tages as hydraulic fracturing consumes and pollutes large
quantities of water. The laser fracturing tool produces less
damage to the rock material of a formation than conven-
tional hydraulic fracturing.

FIG. 1 1s an elevation view of laser fracturing tool 100.
Laser fracturing tool 100 1s deployed in wellbore 10 of
formation 40. Surface 30 1s the surface of the earth from
which wellbore 10 extends. Wellbore 10 extends from
surface 30 into formation 40. Formation 40 can be any type
of formation composed of any type of rock matenal. In at
least one embodiment, formation 40 contains limestone. In
at least one embodiment, formation 40 contains sandstone.

In at least one embodiment, formation 40 contains shale.
Wellbore 10 can be finished with casing 20 and cement 235
for reinforcement.

Laser surface umt 50 can be located on surface 30 near
wellbore 10. Laser surface unit 50 can be 1n optical com-
munication with laser fracturing tool 100 via fiber optic
cable 55. Laser surface unit 50 can be configured to excite
energy to a level above the sublimation point of formation
40 to form a laser beam (not shown). The sublimation point
of formation 40 can be determined based on the rock
material contained 1n formation 40, where the rock matenal
controls the sublimation point which then controls the
excitation energy of the laser beam. In at least one embodi-
ment, laser surface unit 50 can be tuned to excite energy to
different excitation levels as can be required for different
formations. Laser surface unit 50 can by any type of laser
unit capable of generating a laser beam and introducing said
laser beam 1nto a fiber optic cable. Examples of laser surface
unit 30 include lasers of ytterbium, erbium, neodymium,
dysprosium, praseodymium, and thulium ions. In at least
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one embodiment, laser surface unit 50 can be a 5.34-kW
ytterbium doped multiclad fiber laser.

Fiber optic cable 35 can be any cable containing an optical
fiber capable of transmitting a laser beam from laser surface
unit 50 to laser fracturing tool 100. Fiber optic cable 55 can
include one or more optical fibers. In an alternate embodi-
ment, one or more fiber optic cables can provide electrical
communication between laser surface unmit 30 and laser
fracturing tool 100. In at least one embodiment, fiber optic
cable 55 provides a path for light from laser surface unit 50
to laser fracturing tool 100. In at least one embodiment, fiber
optic cable 35 can conduct a raw laser beam from laser
surface unit 50 to laser fracturing tool 100. A “raw laser
beam™ as used herein refers to a laser beam that has not been
passed through lenses or otherwise focused.

Power source 60 can be located on surface 30 near
wellbore 10. Power source 60 can be in electrical commu-
nication with laser fracturing tool 100 via power cable 65.
Power source 60 can be any apparatus capable of generating
clectrical energy. Power cable 65 can be any type of cable
capable of transmitting electrical energy to laser fracturing
tool 100.

Cooling fluid source 70 can be located on surface 30 near
wellbore 10 and can provide a cooling fluid to laser frac-
turing tool 100. Cooling fluid source 70 1s in tluid commu-
nication with laser fracturing tool 100 via fluid line 75, such
that the cooling tluid 1s delivered to laser fracturing tool 100
from cooling fluid source 70. Fluid line 75 can be any type
of tube capable of supplying a fluid to laser fracturing tool
100. The cooling fluid can include nitrogen gas, liquid
nitrogen, helium, air, carbon dioxide, and water. The cooling
fluid can be selected based on the rock material of formation
40 and the thermal properties of the rock material. The
temperature gradient desired between the fracture tempera-
ture and the cooled temperature, the rotation period of the
thermal shocking tool, and the efliciency of the cooling tluid
in reducing the temperature of the rock material. In at least
one embodiment, one or more fluid lines 75 can be 1n fluud
communication with cooling fluid source 70 and laser frac-
turing tool 100.

Fiber optic cable 55, power cable 65, and fluid line 75 can
be encompassed in protective shait 80. Protective shait 80
can be any material of construction suitable for use 1n a
downhole environment without experiencing mechanical or
chemical failure. As used here, “downhole environment”
refers to the high operating pressure, high operating tem-
perature, and fluid conditions that can be found 1n a wellbore
extending into a formation.

FIG. 2 1s a section view 1n elevation of one embodiment
of laser fracturing tool 100 as understood with reference to
FIG. 1. Laser fracturing tool 100 includes motor 200 and
thermal shocking tool 300. Power cable 65 is 1n electrical
communication with motor 200, such that power cable 65
transmits electrical energy to motor 200. Motor 200 1s
physically connected to motor shait 210. Motor 200 can be
any motor capable of converting electrical energy transmiut-
ted by power cable 65 into mechanical energy to rotate
motor shait 210 1n a downhole environment. Motor shaft
210 1s physically connected to rotational shait 310 of
thermal shocking tool 300.

Fiber optic cable 55 1s 1n optical communication with
thermal shocking tool 300. Cooling fluid line 75 1s in fluid
communication with thermal shocking tool 300.

In at least one embodiment, purge nozzle 220 can be
located between motor 200 and surface 30, such that purge
nozzle 220 1s configured to deliver a fluid to the wellbore. In
at least one embodiment, purge nozzle 220 can be located
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between motor 200 and surface 30 near motor 200 such that
purge nozzle 220 1s operable to deliver the fluid near motor
200. In at least one embodiment, purge nozzle 220 delivers
the fluid such that the fluid 1s operable to clean motor 200,
such that the purge fluid from purge nozzle 220 can keep
dust and debris from settling on motor 200. In at least one
embodiment, purge nozzle 220 delivers the fluid such that
the fluid 1s operable to direct the produced fluid in wellbore
10. As used here, “produced fluid” refers to the fluid that
flows from the formation into the wellbore due to fracturing
of the formation by laser fracturing tool 100. In at least one
embodiment, one or more purge nozzles 220 can be con-
figured 1n a purge nozzle configuration (not shown) such that
the purge nozzle configuration 1s configured to deliver the
fluid to multiple points 1n wellbore 10. The purge fluid can
be any fluid capable of cleaming the motor and directing
fluid. Examples of purge fluid can include air and nitrogen
gas. The purge tluid can be at the ambient temperature of the
purge fluid source (not shown). In an alternate embodiment,
the purge fluid 1s from cooling fluid source 70.

FIG. 3 15 a section view 1n elevation of a thermal shocking
tool 300 with reference to features described in FIG. 2.
Thermal shocking tool 300 includes protective case 305,
rotational shaft 310, cooling system 320, and laser delivery
device 330.

Protective case 305 surrounds rotational shaft 310, cool-
ing system 320, and laser delivery device 330. Protective
case 305 can be formed from any materials capable of
withstanding the downhole environment without suflering
mechanical failure. Cooling system 320 and laser delivery
device 330 can extend into and through protective case 305.

Rotational shaft 310 connected to motor shaft 210 extends
through protective case 305. Rotational shatt 310 rotates as
motor shait 210 rotates as driven by motor 200. Rotational
shaft 310 provides an axis around which cooling system 320
and laser delivery device 330 rotate. Rotational shaft 310
can provide physical support, such as an anchor to cooling
system 320 and laser delivery device 330. Cooling system
320 and laser delivery device 330 are mounted to rational
shaft 310 such that cooling system 320 1s opposite laser
delivery device 330. As used herein, “opposite” refers to a
position 180 degrees around the axis formed by rotational
shaft 310, such that 1f cooling system 320 extends perpen-
dicularly from rotational shaft 310 at zero (0) degrees, laser
delivery device extends perpendicularly from rotational
shaft 310 at one-hundred eighty (180) degrees. Rotational
shaft 310 can be any material of construction suitable for use
in a downhole environment that 1s rigid enough to provide
physical support to cooling system 320 and laser delivery
device 330.

Cooling system 320 can include one or more cooling
nozzles 325 as shown in FIG. 3. Cooling nozzles 325 are
fluidly connected to tfluid line 75, such that the cooled purge
fluid 1s delivered from cooling fluid source 70. Cooling
system 320 can be configured to mtroduce the cooling tluid
to formation 40 as a cooling fluid stream. The cooling fluid
stream 1s operable to reduce the temperature formation 40.

Laser delivery device 330 1s optically connected to fiber
optic cable 55. Laser delivery device 330 can be configured
to Tocus the laser beam from fiber optic cable 55 to produce
a Tocused beam. In one embodiment, laser delivery device
330 can incorporate the features and details set forth 1n U.S.
Pat. No. 9,217,291.

The focused laser beam 1s operable to increase the tem-
perature ol formation 40. The focused laser beam can be
directed to sublimate the casing and the cement prior to
contact formation 40. Advantageously, the focused laser
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beam can precisely cut the casing and the cement. The
focused laser beam can increase the temperature of forma-
tion 40 1n less than one second to a fracture temperature. The
fracture temperature can reach 2,000 degrees Celsius (deg
C.). The less than one second increase 1n temperature to the
fracture temperature can cause thermal shocks in formation
40 which results 1n fractures, microfractures and cracks in
the rock material of formation 40. As used here, “microf-
ractures” refers to fractures in the range from a millimeter to
a few centimeters that can be used for mitiating fractures. As
used here, “thermal shocks™ refers to the expansion and
contraction of the formation rock over a time period on the
order of seconds. As thermal shocking tool 300 rotates, laser
delivery device 330 continuously causes an increase 1in
temperature of formation 40 around the wellbore. While
laser delivery device 330 increases the temperature of for-
mation 40, cooling system 320 decreases the temperature.
The cooling fluid stream can be directed at formation 40,
such that the cooling fluid stream can reduce the temperature
of the formation to a cooled temperature. The cooled tem-
perature depends on the fluid used as the cooling fluid
stream.

The laser delivery device can include acoustic capability
to monitor and record the fracturing sound due to the thermal
shocking tool. Acoustic capability can include transducers or
geophones. Fracturing sound can be used to indicate the
fracture length and size. The acoustic capability can be
placed above the motor, below the thermal shocking tool, or
both above the motor and below the thermal shocking tool.
Power can be supplied to the acoustic capability from power
source 60 (not shown). The acoustic capability can transmit
the measurements directly to the surface or can be stored and
retrieved after the laser fracturing.

EXAMPL

(Ll

Example 1

A dry core sample measuring 2"x2" of Berea and lime-
stone was obtained. A 3 KW power laser was used to produce
a continuous laser beam of 0.35 inches. The laser beam was
turned on for four (4) seconds before being switched off.
Fractures immediately formed i1n the core sample. Air, at
room temperature, was used as the cooling fluid stream on
one side of the core sample to orient the fractures. As can be
seen 1n FIG. 4, fractures formed 1n the core sample.

Although the technology has been described 1n detail, 1t
should be understood that various changes, substitutions,
and alterations can be made hereupon without departing
from the inventive principle and scope. Accordingly, the
scope of the embodiments should be determined by the
following claims and their appropriate legal equivalents.
The singular forms “a,” “an,” and *“‘the” include plural
referents, unless the context clearly dictates otherwise.

Optional or optionally means that the subsequently
described event or circumstances can or may not occur. The
description 1ncludes instances where the event or circum-
stance occurs and instances where 1t does not occur.

Ranges may be expressed as from one particular value to
another particular value. When such a range 1s expressed, 1t
1s to be understood that another embodiment 1s from the one
particular value to the other particular value, along with all
combinations within said range.

Throughout this application, where patents or publica-
tions are referenced, the disclosures of these references in

their entireties are intended to be incorporated by reference
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into this application, 1n order to more fully describe the state
of the art, except when these references contradict the
statements made here.

As used here and in the appended claims, the words
“comprise,” “has,” and “include” and all grammatical varia-
tions thereol are each intended to have an open, non-limiting
meaning that does not exclude additional elements or steps.

What 1s claimed 1s:
1. A system for fracturing a formation from a wellbore
extending into the formation from a surface, the system
comprising;
a laser surface unit, the laser surface unit located on the
surface, the laser surface unit configured to generate a
laser beam:;
a fiber optic cable, the fiber optic cable optically con-
nected to a laser delivery device of a thermal shocking
tool, the fiber optic cable configured to transmit the
laser beam to the laser delivery device to produce a
focused laser beam;:
a power cable, the power cable electrically connected to
a power source on the surface, the power cable con-
figured to transmit electrical energy to a motor;
a fluid line, the fluid line connected to a cooling fluid
source on the surface, the fluid line configured to
supply a cooling flmmd to a cooling system of the
thermal shocking tool to produce a cooling fluid
stream,
a protective shait, the protective shait extending into the
wellbore, wherein the fiber optic cable, the power
cable, and the fluuld line are contained within the
protective shaft;
the motor, the motor configured to rotate a motor shaft;
a purge nozzle, the purge nozzle positioned between the
surface and the motor, where the purge nozzle 1s
configured to keep debris from settling on the motor;
and
the thermal shocking tool physically connected to the
motor, the thermal shocking tool comprising:
a protective case, the protective case configured to
encompass the laser delivery device and the cooling
system,
a rotational shaft, the rotational shaft connected to the
motor shaft such that as the motor shait rotates the
rotational shaft rotates,
the laser delivery device extending from the rotational
shaft, the laser delivery device configured to trans-
form the laser beam to a focused laser beam, wherein
the focused laser beam 1s operable to increase the
temperature of the formation to a fracture tempera-
ture, and

the cooling system, the cooling system extending from
the rotational shait opposite the laser delivery
device, the cooling system comprising one or more
cooling nozzles extending through the protective
case such that the one or more cooling nozzles are
configured to introduce the cooling fluid stream onto
the formation such that the cooling fluid stream
reduces the temperature of the formation,

wherein the laser delivery device and the cooling
system rotate around the wellbore as the rotational
shaft rotates,

wherein rotation of the rotational shait 1s configured to
alternate between increasing the temperature of the
formation and reducing the temperature of the for-
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mation such that thermal shocks occur and fractures
are formed 1n the formation.

2. The system of claim 1, wherein the cooling flud 1s
selected from the group consisting of nitrogen gas, liquid
nitrogen, helium, air, carbon dioxide, and water.

3. The system of claim 1, wherein the fracture temperature
1s 2000 deg. C.

4. The system of claim 1 further comprising an acoustic
capability, wherein the acoustic capability 1s configured to
monitor and record a fracturing sound due to the thermal
shocking tool, wherein the acoustic capability 1s selected
from the group consisting of transducers, geophones, and
combinations of the same.

5. The system of claim 1, wherein the laser delivery
device 1s positioned to mtroduce the focused laser beam to
the formation at a pre-determined angle.

6. A method for fracturing a formation from a wellbore
extending 1nto the formation from a surface, the method
comprising the steps of:

introducing a focused laser beam to the formation such

that the focused laser beam 1s operable to increase the
temperature of the formation to a fracture temperature,
wherein the focused laser beam 1s produced by a laser
delivery device, the laser delivery device extending
from a rotational shaft;

introducing a cooling fluid stream to the formation such

that the cooling fluid stream 1s operable to reduce the
temperature of the formation, wherein the cooling fluid
stream 1s produced by a cooling system, the cooling
system device extending from the rotational shait oppo-
site from the laser delivery device;

rotating the rotational shaft such that the formation 1is

alternately introduced to the focused laser beam and the
cooling flwmid such that thermal shocks occur and frac-
tures 1n the formation are formed;

transmitting electrical energy from a power source to a

motor through a power cable;

transforming the electrical energy to mechanical energy 1n

the motor, such that the mechanical energy rotates a
motor shaft, wherein the motor shaft 1s connected to the
rotational shait such that as the motor shait rotates the
rotational shaft rotates; and

introducing a fluid through a purge nozzle positioned

between the surface and the motor, where the purge
nozzle 1s configured to keep debris from settling on the
motor.

7. The method of claim 6, further comprising the steps of:

generating a laser beam 1n a laser surface unit; and

transmitting the laser beam from the laser surface unit to
the laser delivery device through a fiber optic cable.

8. The method of claim 6, wherein the cooling fluid 1s
selected from the group consisting of nitrogen gas, liquid
nitrogen, helium, air, carbon dioxide, and water.

9. The method of claim 6, wherein the fracture tempera-
ture 1s 2000 deg. C.

10. The method of claim 6 further comprising the step of
measuring by an acoustic capability fracturing sound due to
the thermal shocking tools, wherein the acoustic capability
1s selected from the group consisting of transducers, geo-
phones, and combinations of the same.

11. The method of claim 6, wherein the laser delivery
device 1s positioned to mtroduce the focused laser beam to
the formation at a pre-determined angle.
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