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(57) Abstract: Provided in some embodiments is a method of deploying a payload (204) in a subterranean well (114). The method
including advancing a torpedo (140) in a first portion of a wellbore of a subterranean well (the torpedo including a body (200), a fiber-
optic (FO) umbilical (142) that is physically coupled to a surface component, and adapted to unspool from the torpedo as the torpedo
advances in the wellbore, and an engine adapted to generate thrust to propel the torpedo), and activating the engine (202) to generate
thrust to propel advancement of the torpedo within a second portion of the wellbore such that the FO umbilical is disposed in the second

portion of the wellbore.
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SUBTERRANEAN WELL THRUST-PROPELLED TORPEBO
DEPLOYMENT SYSTEM AND METHOD

FIELD
10061 Embodiments rclate generally to developing wells, and more particularly to
deploying devices into wells.
BACKGROUND
(00021 A well generally includes a wellbore (or a “borchole™) that is drilled into the Earth

3

to provide access to a geologic formation below the Earth’s surface (or a “subsurface
formation”). The well may facilitate the extraction of natural resources, such as hydrocarbons
or water, from the subswiface formation, facilitate the injection of substances, such as water or
gas, into the subsurface formation, or facilitate the evaluation and monitoring of the subsurface
formation. In the petrolewm indusiry, hydrocarbon wells are often drilled to exwract {or
“produce”) hydrocarbons, such as oil and gas, from subsurface formations. The term “oif well”
is often used to refer to a well designed to produce oil. Similarly the term “gas well” is often
used to refer to a well designed to produce gas. In the case of an oil well, some natural gas is
typically produced along with oil. A well producing both oil and natural gas is sometimes
referred to as an “nil and gas well” or an “oil well.” The term “hydrocarbon well” is often used
to describe wells that facilitate the production of hydrocarbons, including oil wells and oil and

gas wells,

[0003] Creating a hydrocarbon well typically involves several stages, including a drilling
stage, a completion stage and a production stage. The drilling stage involves drilling a wellbore
into a subsurface formation that is expected to coutain a concentration of hydrocarbons that
can be produced. The portion of the subsurface formation expected to contain hydrocarbons is
often referved to as a “hydrocarbon reservoir,” or simply a “rescrvoir.” The drilling process is
normally facilitated by a drilling rig that sits at the Earth’s surface. The drilling rig can provide
for operating a drill bit to cut the wellbore, boisting, lowering and turning drill pipe and wols,
circulating drilling fluids in the wellbore, and generally controlling operations in the wellbore
(often reterred to as “down-hole™ operations). The completion stage involves making the well
ready to produce hydrocarbons. In some instances, the completion stage includes installing
casing pipe in the weltbore, cementing the casing pipe in place, perforating the casing pipe and

cement, installing production tubing, installing down-hole valves for regulating production
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flow, and pumping fluids into the wellbore to fracture, clean or otherwise prepare the rescrvoir
and well to produce hydrocarbons. The production stage involves producing hydrocarbons
from the reservoir by way of the well. During the production stage, the drilling rig ts normally
removed and replaced with a collection of valves at the surface (often referred to as “surface
valves” or a “production tree”), and valves are installed in the wellbore (often referred to as
“down-hole valves™). These surface and down-hole valves can be operated to regulate pressure
in the wellbore, to control production flow from the wellbore and to provide access o the
wellbore if needed. Sensors are often deployed at the surface or in the wellbore o mounitor the
characteristics of the well. For example, pressure and temperature sensors may be deployed in
the wellbore to monitor pressure and temperature in the wellbore. A pump jack or other
mechanisin can provide lift that assists in extracting hydrocarbons from the reservoir,
especially in instances in which the pressure in the well is so low that the produced
hydrocarbons do not flow freely to the surface. Flow from an outlet valve of the production
tree is normally connected to a distribution network of midstream facilitics, such as tanks,
pipelines and transport vehicles, which transport the production to downstream facilities, such

as refineries and export terminals.

100041 The various stages of creating a hydrocarbon well often include challenges that are
addressed to successfully develop the well and the subsurface formation. During the each of
the stages, a well operator may need to monitor conditions of the wellbore to assess a current
state of the well and to generate and execute a plan to develop the well or other necarby wells.
For example, during the production stage of a well, a well operator may deploy devices, such
as pressure and temperature sensors, in a wellbore to monitor pressure and teraperature of
production fluids in the wellbore. Such measurements can be used to assess the current and
historical production of the well which can, in tum, be used to develop a field development
plan (FDP) for the well and surrounding wells. The FDP may specify target production rates,
injection raies or other paramcters for the well and surrounding wells. A well operator may
conduct operations, such as adjusting production rates, injection rates or other parameters, for

the well or other wells in the same subsurface formation in accordance with the FDP in an

effort to optimize production from the subsurface formation.
SUMMARY

[0005] Applicant has recognized that deploying devices into a well can be critical to

successtully operating the well and other wells in the same formation. A well operator may

22-
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benefit from understanding characteristics of a well extending into a subsurface formation
when making decisions regarding how best to operate the well and to develop the subsurface
formation. For example, it can be critical for a well operator to know current and historical
bottom-hole pressure (BHP) and bottom-hole temaperature (BHT) for a well when setting
production rates or injection rates for the well, or other wells in the same subsurface formation,
to optirnize production from the subsurface formation. Thus, it can be critical to place sensors,
such as BHP sensors and BHT sensors, in appropriate positions within a wellbore of a
hydrocarbon well to acquire well data for the well, including BHP and BHT of the well. As
another example, it can be critical for a well operator to know characteristics of the subsurface
formation to determine when and where to drill wells into the subsurface formation, and how
to operate wells in the formation. Thus, it can be critical to place formation measurement
devices, such as scismic logging devices, to acquire formation data for the subsurface
formation. The seismic logging devices can include, for example, acoustic sensors, such as

geophones.

[0006] Applicants have also recognized that existing techniques for deploying devices into
wells suffer from a variety of drawbacks. In some instances, devices are deployed into 2 well
by way of gravity. For cxample, a device may be suspend from a wireline that is unspooled
from the swrface w lower the wireline and the device into the wellbore. The wireline may
inchude, for exaraple, an umbilical line that provides for powering and communicating with the
device. Although this technique can be suitable for use in vertical wellbores, it may not he
suttable for use in horizontal wellbores. For example, if a wellbore inclades a horizontal
portion, the device may travel down the vertical portion, to the start of the horizontal portion,
by way of gravity, but may stop (or “bottom out”} at the transition to the horizontal portion. As
a result, the device and the wireline may not advance into the horizontal section of the wellhore.
In some instances, tractors are used to convey devices further into horizontal wellbores. For
cxample, a tractor device may be suspended from a wireline that is unspooled from the swface
to lower the tractor device and the tratling wircline into the wellbore, and the tractor may he
driven to pull the tractor and the trailing wiveline into the horizontal portion of the wellbore.
Although this technique can provide increased aceess to the horizonial portion of a wellbore,
it is typically limited by how far the tractor can pull the trailing wircline. For example, in the
case of a lengthy horizontal portion, the tractor may not be capable of generating the power or
traction necessary 1o advance the tractor and the trailing wirgline deep into or completely

through the horizontal portion of the wellbore. Moreover, the wircline itself may be damaged

-3-
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from friction as it is dragged across the walls of welltbore. As a result, the wireline may need
to have a rugged encapsulation that can increase weight and, in turn, reduce the effective range

of a tractor pulling the wireline.

{00671 Recognizing these and other shortcomings of existing techniques, Applicant has
developed novel systems and method for deploying devices into wells by way of a thrust-
propelied well torpedo (TPWT) system. In some embodiments, a TPWT system is employed
to deploy devices, such as sensors, into a welltbore of a hydrocarbon well, such as an oil well.
For example, a TPWT having an engine and carrying a payload, such as sensors or other
devices, may be propelicd deep into a wellbore of a hydrocarbon well by way of thrust based

propulsion.

[0008] In some cmbodiments, a TPWT includes a fiber optic (FO) umbilical that is
unspooled from the TPWT as it travels in a wellbore. For exarople, a TPWT may include a FO
umbilical including a FO line that is wrapped (or “spooled”) around an integrated spool of the
TPWT, and that is unspooled from the TPWT as it travels through the wellbore. An FO
umbilical may provide for communication between the TPWT and a control system, such as a
well control system located at the surface. For example, an upper end {or “up-hole end™) of a
FO umbilical of a TPWT may be coupled to a well control system of a well, and a lower end
(or “down-bole end”) of the FO umbilical raay be coupled to a control system (or “controlier”)
of the TPWT. in such an embodiment, the FO umbilical may provide for communication of

data between the well conirol system and the control system of the TPWT.

{00091 In sore embodiments, the data includes commands relating to controlling operation
of the TPWT. For example, the well control system may send, to the controller of the TPWT
by way of the FO umbilical, commands dictating operation of the TPWT. In such an
embodiment, the controller may execute the commands by controlling corresponding
opcrations of the TPWT. For example, the well control system may send, to the controller of
the TPWT by way of the FO umbilical, a command to ignite or cxtinguish the enginc of the
TPWT, and the controller may control a fucl supply valve and an igniter of the engine to ignite
the engine. In some embodiments, the data includes TPWT operational data relating to
operation of the TPWT. For exarple, the controtler of the TPWT may monitor and collect data
regarding the operation of the engine, the controlier or the payload. such as conditions sensed
by sensors of the pavload, and send, to the well control system by way of the FO umbilical,

TPWT operational data corresponding to the data collected. The TPWT data may, for example,
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inchude data that indicates whether the engine is ignited, that indicates a status of fins, rudders
or directional thrust systems of the TPWT, that indicates a speed, orientation or location of the
TPWT within the wellbore, or that indicates conditions sensed by the sensors. In some
embodiments, the well control system generates the commands relating to controfling operation

of the TPWT based on the TPWT operational data received from the TPW'T controller.

[0010] In some embodiments, deployment of a TPWT into a wellbore includes a gravity-
driven free-fall of the TPWT in the wellbore, followed by a thrust-driven propulsion of the
TPWT further into the wellbore. For example, a TPWT may be released into a free-fall through
a first/upper portion of the wellbore (such as a vertical portion of the wellbore) and, upon
reaching a trigger point (such as a predefined depth in the wellbore), the engine of the TPWT
may he ignited to gencrate thrust that propels the TPWT in a second/lower portion of the
wellbore (such as a horizontal portion of the wellbore). The TPWT may come to rest in a

deployment location in the second/lower portion of the wellbore,

[0011] In some embodiments, abody of a TPWT is formed of a material adapted to dissolve
under exposure to a wellbore environment. The material may inchude, for example, a
magnesivm alloy. In such an embodiment, the TPWT may come to rest in a deployment
location within the wellbore, and the dissolvable body of the TPW'T may dissolve {(for example,
over the course of several hours, days or weeks), leaving behind the FO wimbilical and any non-

dissolvable portions of the TPW'T, such as a payload of non-dissolvable sensors.

(0012} In some embodiments, the use of a dissolvable TPWT body is advantageous. For
cxample, a dissolvable TPW'T body can eliminate a need to retrieve the TPWT. Traditional
wireline devices are typically lowered into a wellbore and later retrieved (for exampie, pulled)
from the wellbore for reuse or to keep the wireline device from blocking the wellbore. In
contrast, a dissolvable TPWT body may be less expensive to produce, eliminating a need for
reuse, and may simply dissolve to reduce any blockage of the wellbore. As a result, usc of a
dissolvable TPWT body can eliminate the need for a retrieval operation, or at least simplify
any associated retricval operation. A retrieval operation, if conducted, may stmply include
puliing the relatively thin and light FO umbilical and any non-dissolvable portions of the
TPWT that remain coupled to the FO umbilical, such as undissolved sensors. Moreover, given
that the body of the TPWT may not need 1o be retrieved, the FO umbilical can be relatively

thin and lightweight, which can be advantageous for at least the reasons deseribed here,

o
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inchuding cxtending a range of the TPWT, or facilitating severing of the FO umbilical, if

needed.

[0013] In some embodiments, use of a FO umbilical is advantageous. For example, in
contrast to a relatively heavy line, such as a wraditional wircline umbilical, a FO umbilical may
have a relatively light weight. This may help to reduce the overall weight of a TPWT, which
can enable the TPWT to travel farther into the wellbore or to carry a bheavier payload. As a
further example, in contrast to a relatively thick line, such as a traditional wireline umbilical, a
FO umbilical may have a relatively small diameter and can be severed easily. This may enable
a FO umbilical o be run through relatively small ports in the well system, such as through a
valve of a wellhead, and may enable the FO umbilical to be casily severed if needed. For
cxample, in the case of an emergency operation that vequires closing of a wellhead valve having
a FO umbilical run through the valve, the vaive can simply be closed, with the closing action
severing the FO umbilical. In conirast, a traditional wircline may be too thick or tough to he
casily severed by a wellhead valve. Thus, the wireline may need to be removed from the
wellbore or severed in a separate operation, prior o closing the wellhead valve. This can result

in significant delays that arc undesirable, especially in time sensitive emergency operations.

[0014] In some embodiments, unspooling of a FO umbilical from a TPW'TT is advantageous
due to a reduction of friction and drag on the FO wnbilical during deployment of the TPWT in
a wellbore. For example, in a situation in which a line extends from a spool at the surface and
is attached to a device to be lowered into a wellbore, the line may be vnspooled from the surface
to lower the device into the wellbore. As a result, the line may move through the wellbore along
with the device and rub against the abrasive walls of the wellbore. The resulting friction can
physically wear the line and create a frictional force that vesists advancement of the device in
the wellbore. In an cffort to address these issues, such a line may be provided with a durabic
exterior coating. Unfortunately, this can add weight and thickness to the line which can, in turn,
limit a range of travel of the device or inhibit severing of the line. In contrast, unspooling of a
FO umbilical from a TPWT as it travels through the wellbore may prevent significant
movement of the FO umbilical within the wellbore. For example, a portion of a F(3 umbikical
unspooled from a TPWT as it passes a given depth may remain at that depth as the TPWT
continues to ravel down the wellbore and unspool an additional length of the FO umbilical.
During deployment, the FO umbilical may lay against the wall of the wellbore, but it should

not expericnce any significant movement or rubbing along the wellbore. As a result, the FO
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umbilical may not generate friction that significantly resists advancement of the TPWT and
may not require a durable exterior coating, which can help to reduce the weight and thickness
of the FO umbilical. This can, in tuirn, extend a range of ravel of the device or facilitate severing

of the FO umbilical.

[0015] A TPWT can include various features that facilitate deployment in a hydrocarbon
well. In some embodiments, a TPWT includes an integrated spool for housing a FO umbikical
that is unspooled from the TPW'T as it ravels through a wellhore of a well. For example, a
body of a TPWT may include a recess in an exterior surface of the body into which the FO
umbilical can be wound. The integrated spool may provide for simple loading of the FO
umbilical onto the TPWT, may protect the FO line during transport and travel in a wellbore
environment, and may facilitate the unspooling of the FO umbilical during travel in the

wellbore environment.

[0016] In some embodiments, a TPWT includes navigational clements, such as fins,
rudders, or directional thrust systems. A fin of a TPWT may include a fixed stabilizer that
reduces acrodynamic side ship of the TPWT. A rudder of a TPWT may include a movable
stabilizer that provides for steering of the TPWT. A divectional thrust system of a TPWT may
inchude device for dirccting thrust generated by an engine of the TPWT. For example, a
directional thrust system of a TPW'T may include a gimbal mounted exhaust nozzle that can be
swiveled to guide a direction of forward thrust generated by an engine of the TPWT. As a
further example, a directional thrust system of a TPW'T may include a reverse thrust system
including a bypass conduit (or “passage”) that can be sclectively engaged to direct thrust
generated by an engine of the TPWT in a forward direction. This may generate “reverse thrust”

to slow or stop movement of the TPWT in the forward divection.

{0017} In some embodiments, a TPWT includes a jet-pump engine. A jet-pump engine of
a TPWT may provide for the introduction of wellbore fluid into combusted gases of the engine
to enhance the thrust generated by the TPWT. For example, a TPWT may include a jet-pump
engine having a well fluid inlet that directs wellhore fhud into hot combusted gas prior to it
being exhausted through an exit nozzie. The mixture of fhud and hot combusted gas may cause
the wellbore fluid to expand, resulting in a relative increase in theust for the amount of

propellant cornbusted to gencrate the gas. This can help 1o decrease the amount of propellant

needed or increase the effective range of the TPWT.
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[0018] In some embodiments, a TPWT includes an integrated locating device, such as a
casing collar locator (CCL). A CCL may include a device for sensing locations of transitions
between adjacent sections of casing, tubing, or other conduit. For example, a TPWT may
include a CCL including first and second electromagnetic coils integrated into a body of the
TPWT. The coils may be electrified to create an electromagnet that is capable of sensing
changes in magunetic field caused by changes in thickness of a surrounding metal tubular, such
as casing or tubing. As the TPWT travels through a wellbore and passes a location at which a
surrounding metal tubular changes in thickness, such as at a connection between adjacent
sections of casing, the first and second electromaguetic coils can detect the change in magnetic
field in sequence, and the change can be attributed to the TPWT being focated at or passing the
location of the change. The locations, such as locations of connections, are typicaily known for
a well based on documentation of the construction of the well and, thus, the associated changes

in magnetic flux can be ased to determine a location of the TPWT in the wellbore of the well.

[0019] In some embodiments, a TPWT is used to deploy various types of sensors or other
devices into a well. For example, a TPWT may include a payload of sensors, such as such as
BHP sensors or BHT sensors. Deployment of the TPWT in a wellbore of a well may provide
for positioning the sensors at a deployment location within the wellbore, where the sensors can

be operated to acquire data, such as BHP data and BHT data, respectively, for the well.

[0020] In some embodiments, a TPWT is used to deploy sensors, such as a FO line, for
distributed acoustic sensing (DAS). DAS may be used, for example, for vertical seismic
profiling of a well. A DAS FO umbilical may include a FO line capable of sensing seismic
events along its length. Such a DAS FO umbilical may be run into a wellbore of a well to
distribute the FO line along a length of the wellbore where it can be operated to sense seismic
cvents at discrete locations along the length of the wellbore. Seismic events can be generated,
for example, by way of an array of seismic sources located at the surface that are operated to
transmit scismic signals into a portion of a formation surrounding the wellbore. In some
embodiments, a TPWT is spooled with a DAS FO umbilical that is unspooled for the TPWT
as it travels in a wellbore of a well, in twrn distributing a FO line along a length of the weltbore,
The use of the TPW'T may enable the DAS FO umbiical to be distributed deep into the
wellbore with a relatively low amount of rubbing and wear of the DAS FO umbilical. In some
embodiments, the DAS FO umbilical is sized to facilitate contact between the DAS FO

umbilical and a lining of the wellbore, such as a metallic casing or tubing. For example, the
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DAS FO umbilical may have a length that is about 125% of a length portion of the wellbore to
be lined to facilitate the DAS FO expanding radial to adhere (or “stick”) to the tubular walls
by way of surface tension. The extended length may promote the DAS FO umbilical taking a
spiral or helical shape as it sticks to the interior walls. A resulting coupling with the walls of a

tubular can help to reduce attenuation of scismic signals sensed by the DAS FO umbilical.

[0021] In some embodiments, a DAS FO umbilical includes a U-bend style DAS FO line.
A U-bend DAS FO line may include a FO line having a first DAS FO line segment terminating
into a FO U-bend that is coupled to a second DAS FO line segment. When deployed, the U-
bend may be deposited down-hole, with the first and second DAS FO line segments extending
to the surface. The ends of the first and second IDAS FO line segments may be coupled to other
U-bend DAS FO line segments deploved in other wells to provide a contiguous DAS FO line

that extends into multiple wells. An interrogator may be coupled to the continuous DAS FO

line to monitor seismic events sensed by the DAS FO line disposed in the well or wells.

(00221 in some embodiments, a U-bend of a BAS FO line includes a round bend in the
DAS FO line connecting adjacent first and second segments of the DAS FO line. In some
cmbodiments, a U-bend of a DAS FO lne inchides a "mini-bend” connection connecting
adjacent first and second segments of the DAS FO line. In some embodiments, a U-bend DAS
FO line is wrapped about an integrated spool of a TPWT to maintain the curved shape of the
U-bend of the FO line. For example, a U-bend DAS FO line may be wrapped about a
circumference of an integrated spool of a TPWT to maintain the curved shape of the U-bend
of the FO line. As a further example, a U-bend DAS FO line may be wrapped about a
circumference of an integrated spool of a TPWT with the U-bend secured to a face of the
integrated spool (for example, tucked under wraps of the U-bend DAS FO line) to maintain the
curved shape of the U-bend of the FO line. In an embodiment in which a U-bend DAS FO line
inchudes 3 mini-bend, the U-bend DAS FO line may be wrapped about a circumference of an
integrated spool of a TPWT, with the mini-bend secured to a face of the integrated spool (for
example, tucked under wraps of the U-bend DAS PO line) to secure and protect the mini-bend

of the FO line.

[0023] Provided in some embodiments is a method of deploving a payload in a
subterrancan well. The method inchuding: releasing a torpedo into gravity-driven advancement
within a first portion of a welibore of a subterranean well (the torpedo including: a body; a FO

umbilical that is physically coupled to a surface component, adapted to unspool from the
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torpedo as the torpedo advances in the wellbore, and adapted to facilitate conununication
between the torpedo and a well control systern; and an engine adapted to gencrate thrust to
propel advancement of the torpedo in the wellbore); determining that the torpedo has reached
a trigger point within the wellbore; and activating, in response to determining that the torpedo
has reached the trigger point within the wellbore, the engine to generate forward thrust to propel
the torpedo within a second portion of the wellbore such that the FO umbilical is disposed in
the second portion of the wellbore, and the torpedo comes to rest in a deployment location

within the wellbore.

[0024] Provided in some embodiments is a method of deploving a payload in a
subterrancan well. The method including: advancing a torpedo in a first portion of a wellbore
of a subterrancan well (the torpedo including: a body; a FO umbilical that is physically coupled
to a surface component, and adapted to unspool from the torpedo as the torpedo advances in
the wellhore; and an engine adapted to gencrate thrust to propel the torpedo); and activating
the engine to generate thrust to propel advancement of the torpedo within a second portion of

the wellbore such that the FO umbilical is disposed in the second portion of the wellbore.

[0025] In some embodiments, the method further includes: determining that the torpedo
has rcached a trigger point within the wellbore, where the engine s activated to generate the
thrust in response to determining that the torpedo has reached the trigger point within the
wellbore. In certain embodiments, the trigger point within the wellbore inchides a predefined
depth within the wellbore. In some embodiments, the first portion of the wellbore inchudes a
vertical portion of the wellbore and the second portion of the wellbore includes a horizontal
portion of the wellbore, and the trigger point within the wellbore includes a point of transition
between the vertical portion of the wellbore and the horizontal portion of the wellbore. In
certain embodiments, the body is formed of a dissolvable material adapted to dissolve in the
wellbore, and the method further includes leaving the torpedo at the deployment location such
that the body of the torpedo dissolves at the deployment location within the wellbore. In some
embodiments, the engine includes a solid propellant fuel, and activating the engine includes
activating an igniter of the engine to cause combustion of the solid propeliant fucl to generate
the thrust to propel the torpedo within the second portion of the wellbore. In certain
embodiments, the torpedo includes a casing collar locator CCL adapted to sense collars within
the wellbore, and the method further includes determining a location of the torpedo within the

wellbore based on a location of a collar sensed by the CCL. In some embodiments, the torpedo
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inchudes a payload including a sensor. In certain embodiments, the sensor includes a BHP
sensor or 4 BHT sensor. In some embodiments, the FO wmbilical includes a DAS FO line. In
certain embodiments, the method further inchides, subsequent to the torpedo coming to rest in
the deployment location within the wellbore, conducting a seismic operation including sensing
seismic events by way of the DAS FO line unspooled in the wellbore. In some embodiments,
the torpedo inchides a rudder adapted to steer advancement of the torpedo within the wellbore,
and the method further includes steering the rudder to steer advancement of the torpedo within
the wellhore. In certain embodiments, the torpedo includes a gimbal mounted exhaust nozzie
adapted to stecr advancement of the torpedo within the wellbore, and the method further
includes steering the gimbal mounted exhaust nozzle to steer advancement of the torpedo
within the wellbore. In some embodiments, the method further includes sicering the torpedo
into a lateral bore of the wellbore. In certain embodiments, the torpedo includes a reverse thrust
systemn adapted to generate reverse thrust to slow or stop forward advancement of the torpedo
within the welibore, and the method further includes activating the reverse thrust system {o
generate the reverse thrust to slow or stop forward advancement of the torpedo within the
wellbore. In some embodiments, the method further includes the torpedo transmitting data to
the well control system by way of the FO umbilical. In certain embodiments, the data includes
navigational data or operational data. In some embodiments, the method further includes the

ell control system transroitting data fo the torpedo by way of the FO umbilical. In certain
cembodiments, the data includes pavigational commands or operational commands. In some
cmbodiments, the method further includes: positioning the torpedo in a torpedo chamber of a
torpedo tree cap; closing a torpedo retainer of the torpedo tree cap to retain the torpedo in the
torpedo chamber; assembling the torpedo tree cap to a wellhead of the subterrancan well, where
releasing the torpedo inchudes opening the torpedo retainer to release the torpedo from the
torpedo chamber such that the torpedo falls into a gravity-driven advancement in the first

portion of the wellbore.

[0026] Provided in some embodiments 8 & non-transitory compuier readable storage
medivm inchuding program instractions stored thereon that are executable by a processor to

cause the method operations described above.

[0027] Provided in some embodiments i3 a torpedo system for deploying a payload in a
subterrancan well. The system inciuding: a control system; and a torpedo including: a body; a

FO umbilical that is adapted to be physically coupled to a surface component, and adapted to

N
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unspool from the torpedo as the torpedo advances in a wellbore of a hydrocarbon well; and an
engine adapted to generate thrust to propel the torpedo. The control systern adapted to: advance
the torpedo in a first portion of the wellbore of the subterrancan well; and activate the engine
to generate thrust to propel advancement of the torpedo within a second portion of the wellbore

such that the FO umbilical is disposed in the second portion of the wellbore.

[0028] in some embodiments, the control system is further adapted to determine that the
torpedo has reached a trigger point within the wellbore, and the engine is activated to generate
the thrust in response to determining that the torpedo has reached the trigger point within the
wellbore. In certain embodiments, the trigger point within the wellbore includes a predefined
depth within the wellbore. In some embodiments, the first portion of the wellbore includes a
vertical portion of the wellbore and the second portion of the wellbore includes a horizontal
portion of the wellbore, and the trigger point within the wellbore includes a point of transition
between the vertical portion of the wellbore and the horizontal portion of the wellbore. In
certain embodiments, the engine includes a solid propellant fuel, and activating the engine
includes activating an igniter of the engine to cause combustion of the solid propellant fuel o
generate the thrust to propel the torpedo within the horizontal portion of the wellbore. In some
embodiments, the torpedo includes a CCL adapted to sense collars within the wellbore, and the
control system 13 fupther adapted to determine a location of the torpedo within the wellbore
based on a location of a collar sensed by the CCL. In certain emnbodiments, the torpedo includes
a pavioad including a sensor. In some embodiments, the sensor includes a BHP sensor or a
BHT sensor. In certain embodiments, the FO umbilical includes a DAS FO line. In some
embodiments, the control system is further adapted to, subsequent to the torpedo coming to
rest in a deployment location within the wellbore, conduct a seismic operation including
sensing seismic events by way of the DAS FO line unspooled in the wellbore. In certain
cmbodiments, the torpedo includes a rudder adapted to steer advancement of the torpedo within
the wellbore, where the control system is further adapted to steer the rudder to steer
advancement of the torpedo within the wellbore. In some embodiments, the torpedo includes a
gimbal mounted exhaust nozzle adapted to steer advancement of the torpedo within the
wellbore, where the control system is further adapted to steer the gimbal mounted exhaust
nozzle to steer advancement of the torpedo within the wellbore. In certain embodiments, the
control system is further adapted to steer the torpedo into a lateral bore of the wellbore. Insome
cmbodiments, the torpedo includes a reverse thrust system adapted to generate reverse thrust

to slow or stop forward advancement of the torpedo within the wellbore, and where the control
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system is further adapted to activate the reverse thrust system to generate the reverse thrust to
slow ot stop forward advancement of the torpedo within the wellbore. In certain embodiments,
the torpedo is adapted to transmit data to a well control system by way of the FO wmbilical, or
the well control system is adapted to transmit data to the torpedo by way of the FO umbilical.
In some embodiments, the systern further includes: a torpedo free cap including: a torpedo
chamber adapted to house the torpedo; a torpedo retainer adapted to be moved into a closed
position to retain the torpedo within the torpedo chamber and to be moved into an open position
to release the torpedo from the torpedo chamber, the torpedo adapted to be positioned within
the torpedo chamber with the torpedo retainer in the closed position to retain the torpedo in the
torpedo chamiber, the torpedo tree cap adapted (0 be assembled to a wellhead of the
hydrocarbon well, and the torpedo retainer adapted to be opened with the torpedo tree cap
assembled to the wellhead to release the torpedo from the torpedo chamber such that the
torpedo falls into a gravity-driven advancement in the first portion of the wellbore. In certain
cmbodiments, the torpedo tree cap further inchudes a torpedo tree cap communication post

adapted to couple to an up-bhole end of the FO umbilical.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] FIG. 1 is diagram that tliustrates a well environment in accordance with one or more

embodiments.

[0030] FI3. 2 is a diagram that illustrates a thrust-propelled well torpedo {(TPWT) in

accordance with one or more embodiments.

[0031] FIG. 3 is a diagram that illustrates a TPWT tree cap in accordance with one or more
embodiments.
(0032} FIG. 4 is a diagram that illustrates deplovment of a TPWT in accordance with one

or more embodiments.

[0033] FIGS. 5-8 are diagrams that illustrates example thrast-propelied well torpedo

(TPWTs) in accordance with one or more embodiments.

[0034] FIGS. 9 and 10 are diagrams that illuswrates example well distributed acoustic

sensing (DAS) using TPWTs in accordance with one or more ernbodiments.
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[0035] FIGS. 11 and 12 are diagrams that illustrates example spooling of U-bend style

DAS fiber optic (FO) lines in accordance with one or more embodiments.

[0036] FIG. 13 is a flowchart diagram that illustrates a method of DAS sensing using a

TPWT in accordance with one or more embodiments

10037} FIG. 14 is a flowchart diagram that illustrates a method of deploying a TPWT into

a well in accordance with one or more embodiments.

{00381 FIG. 15 is a diagram that Ulustrates an example computer system, in accordance

with one or more embodiments.

[0039] While this disclosure is susceptible to various modifications and alternative forms,
specific embodiments are shown by way of example in the drawings and will be described in
detail. The drawings may not be to scale. It should be understood that the drawings and the
detaled description are not intended to imit the disclosure to the particular form described, but
are intended to disclose modifications, equivalents and alternatives falling within the scope of

the present disclosure as defined by the claims.
DETAILED DESCRIPTION

[0040] Described are embodiments of novel systems and methods for deploying devices
into wells {e.g., a hydrocarbon well} by way of a thrust-propelled well torpedo (TPW'T) system.
In some embodiments, a TPWT system is employed to deploy devices, such as sensors, into a
wellbore of a hydrocarbon well, such as an oil well. For example, 2 TPWT having an engine
and carrying a payload, such as sensors or other devices, may be propelled deep into a wellhore

of a hvdrocarbon well by way of thrust-based propulsion.

[0041] In some cmbodiments, a TPWT includes a fiber optic (FO) umbilical that is
unspooled from the TPWT as it travels in a wellbore. For exarople, a TPWT may include a FO
umbilical including a FO line that is wrapped (or “spooled”) around an integrated spool of the
TPWT, and that is unspooled from the TPWT as it travels through the welltbore. An FO
urmbilical may provide for communication between the TPWT and a control system, such as a
well control system located at the surface. For example, an upper end {or “up-hole end™) of a
FO umbilical of a TPWT may be coupled to a well control system of a well, and a lower end

3TN\

(or “down-bole end”) of the FO umbilical raay be coupled to a control system (or “controlier”)
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of the TPWT. In such an embodiment, the FO umbilical may provide for communication of

data between the well control systern and the control system of the TPWT.

(042} in some embodiments, the data includes commands relating to controlling operation
of the TPWT. For example, the well control system may send, to the controller of the TPWT
by way of the FO umbilical. commands dictating operation of the TPWT. In such an
cmbodiment, the controller may execute the commands by controlling corresponding
operations of the TPWT. For example, the well control system may send, to the controller of
the TPWT by way of the FO umbilical, a command to ignite or extinguish the engine of the
TPWT, and the controller may control a fuel supply valve and an igniter of the engine to ignite
the engine. In some embodiments, the data includes TPWT operational data relating to
operation of the TPWT. For example, the controller of the TPW'T may monitor and collect data
regarding the operation of the engine, the controlier or the payload, such as conditions sensed
by sensors of the payload, and send, to the well control systern by way of the FO umbilical,
TPWT operational data corresponding to the data collected. The TPWT data may, for example,
include data that indicates whether the engine is ignited, that indicates a status of fins, rodders
or directional thrust systeras of the TPWT, that indicates 2 speed, orientation or location of the
TPWT within the wellbore, or that indicates conditions sensed by the sensors. In some
cmbodiments, the well control system generates the commands relating to controlling operation

of the TPWT bascd on the TPWT operational data received from the TPWT controlier.

[0043] In some embodiments, deployment of a TPWT in a wellbore includes a gravity-
driven free-fall of the TPWT in the wellbore, followed by a thrust-driven propulsion of the
TPWT further into the wellbore. For example, a TPWT may be released into a free-fall through
a first/upper portion of the wellbore (such as a vertical portion of the wellbore) and. upon
reaching a trigger point (such as a predefined depth in the wellbore), the engine of the TPWT
may be ignited to generate thrust that propels the TPWT in a second/lower portion of the
wellbore (such as a horizontal portion of the wellbore). The TPWT may come to rest in a

deployment location in the second/lower portion of the wellbore.

[0044] I some embodiments, a body of a TPWT is formed of a material adapted to dissolve
under exposure to a wellbore environment. The material may inchude, for example, a
magnesium alloy. In such an embodiment, the TPWT may come fo rest in a deployment

location within the wellbore, and the dissolvable body of the TPW'T may dissolve {for example,
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over the course of several hours, days or weeks), leaving behind the FO umbilical and any non-

dissolvable portions of the TPW'T, such as a payioad of non-dissolvable sensors.

[0045] In some embodiments, the use of a dissolvable TPWT body is advantageous. For
cxample, a dissolvable TPW'T body can eliminate a need to retrieve the TPWT. Traditional
wireline devices are typically lowered into a wellbore and later retrieved (for example, pulled)
from the wellbore for reuse or to keep the wireline device from blocking the wellbore. In
contrast, a dissolvable TPWT body may be less expensive to produce, eliminating a need for
reuse, and may simply dissolve o reduce any blockage of the wellbore. As a vesult, usc of a
dissolvable TPWT body can eliminate the need for a retricval operation, or at least simplify
any associated retricval operation. A retrieval operation, if conducted, may simply include
pulling the relatively thin and light FO umbilical and any non-dissolvable portions of the
TPWT that remain coupled to the FO umbilical, such as undissolved sensors. Moreover, given
that the body of the TPWT may not need 1o be retrieved, the FO umbilical can be relatively
thin and lightweight, which can be advantageous for at least the reasons deseribed here,
including extending a range of the TPWT, or facilitating severing of the FO umbilical, if

needed.

[0046] In somic embodiments, use of a FO umbilical is advantageous. For example, in
contrast to a relatively heavy line, such as a traditional wireline umbilical, a FO umbilical may
have a relatively light weight. This may help to reduce the overall weight of a TPW'T, which
can enable the TPWT to trave] farther into the wellbore or to carry a heavier payload. As a
further exarple, in contrast to a relatively thick line, such as a traditional wireline umbilical, a
FO umbilical may have a relatively small diameter and can be severed easily. This may enable
a FO umbilical to be run through relatively small ports in the well system, such as through a
valve of a wellhead, and may enable the FO umbilical to be easily severed if needed. For
cxample, in the case of an emergency operation that requires closing of a wellhead valve having
a FO umbilical run through the valve, the valve can simply be closed, with the closing action
severing the FO wmbilical. In contrast, a waditional wireline may be too thick or tough to be
casily scvered by a welthead valve. Thus, the wireline may need to be removed from the

rellbore or severed in a separate operation, prior to closing the welthead valve. This can result

in significant delays that are undesivable, especially in time sensitive emergency operations.

[0047] In some embodiments, unspooling of a FO umbilical from a TPWT is advantageous

duc to a reduction of friction and drag on the FO umbilical during deployment of the TPWT in

16~



WO 2020/219902 PCT/US2020/029844

a wellbore. For example, in a situation in which a line extends from a spool at the surface and
is attached to a device to be lowered into a wellbore, the line may be unspooled from the surface
to lower the device into the wellbore. As a vesult, the line may move through the wellbore along
with the device and rub against the abrasive walls of the wellbore. The resulting friction can
physically wear the line and create a frictional force that resists advancement of the device in
the wellbore. In an effort to address these issues, such a line may be provided with a durable
exterior coating. Unfortunately, this can add weight and thickness to the line which can, in turn,
limit a range of travel of the device or inhihit severing of the line. In contrast, unspooling of a
FO umbilical from a TPWT as it travels through the wellbore may prevent significant
movement of the FO umbilical within the wellbore. For example, a portion of a FO umbilical
unspooled from a TPWT as it passes a given depth may remain at that depth as the TPWT
continues to travel down the wellbore and unspool an additional length of the FO umbilical.
During deployment, the FO umbilical may lay against the wall of the wellbore, but it should
not cxperience any significant movement or rubbing along the wellbore. As a result, the FO
umbilical may not generate friction that significantly resists advancement of the TPWT and
may not require a durable exterior coating, which can help to reduce the weight and thickness
of the FO umbilical. This can, in trn, extend a range of ravel of the device or facilitate severing

of the FO umbilical.

[0048] A TPWT can include various features that facilitate deployment in a hydrocarbon
well. In some embodiments, a TPWT includes an integrated spool for housing a FO umbikical
that is unspooled from the TPW'T as it travels through a wellbore of a well. For example, a
body of a TPWT may include a recess in an exterior surface of the body into which the FO
umbilical can be wound. The integrated spool may provide for simple loading of the FO
urnbilical onto the TPWT, may protect the FO line during transport and travel in a wellbore
environment, and may facilitate the unspooling of the FO umbilical during travel in the

wellbore environment.

[0049] In some embodiments, a TPWT includes navigational clements, such as fins,
rudders, or directional thrust systems. A fin of a TPWT may include a fixed stabilizer that
reduces acrodynamic side ship of the TPWT. A rudder of a TPWT may include a movable
stabilizer that provides for steering of the TPWT. A divectional thrust system of a TPWT may
inchude device for dirccting thrust generated by an engine of the TPWT. For example, a

directional thrust system of a TPW'T may inclade a gimbal mounted exhaust nozzle that can be
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swiveled to guide a direction of forward thrust gencrated by an engine of the TPWT. As a
further example, a directional thrust system of a TPW'T may include a reverse thrust system
including a bypass conduit {or “passage”) that can be selectively engaged to direct thrust
generated by an engine of the TPWT in a forward direction. This may gencrate “reverse thrust”

to slow or stop movement of the TPW'T in the forward direction.

[0050] In some embodiments, a TPWT includes a jet-pump engine. A jet-pump engine of
a TPWT may provide for the introduction of wellbore fluid into combusted gases of the engine
to enhance the thrust generated by the TPWT. For example, a TPWT may include a jet-pump
engine having a well fluid inlet that directs weltbore thuid into hot combusted gas prior to it
being exhausted through an cxit nozzie. The mixture of fluid and hot combusted gas may cause
the wellbore fhiid to expand, resulting in a relative increase in thrust for the amount of
propeliant combusted to generate the gas. This can help to decrease the amount of propeliant

needed or increase the effective range of the TPWT.

[0051] In some embodiments, a TPWT includes an integrated locating device, such as a
casing collar locator (CCL). A CCL may include a device for sensing locations of transitions
between adjacent sections of casing, tubing, or other conduit. For example, 2 TPWT may
include a CCL including first and second electromagnetic coils integrated into a body of the
TPWT. The coils may be clectrified to create an clectromagnet that is capable of sensing
changes in magnetic ficld caused by changes in thickness of a surrounding metal tubular, such
as casing or tubing. As the TPWT wravels through a wellbore and passes a location at which a
surrounding metal tubular changes in thickness, such as at a connection between adjacent
sections of casing, the first and second electromagnetic coils can detect the change in magnetic
field in sequence, and the change can be attributed to the TPWT being located at or passing the
location of the change. The locations, such as locations of connections, are typically known for
a well based on documentation of the construction of the well and, thus, the associated changes

in magnetic flux can be used to determine a location of the TPW'T in the wellbore of the well.

(00521 In some embodiments, a TPWT is used to deploy various types of sensors or other
devices into a well. For example, a TPWT may include a payload of sensors, such as such as
BHP sensors or BHT sensors. Deployment of the TPWT in a wellbore of a well may provide
for positioning the sensors at a deployment location within the wellbore, where the sensors can

be operated to acquire data, such as BHP data and BHT data, respectively, for the well.
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[0053] In some embodiments, a TPWT is used to deploy sensors, such as a FO line, for
distributed acoustic sensing (DAS). DAS may be used, for example, for vertical seismic
profiling of a well. A DAS FO wmbilical may include a FO line capable of sensing seismic
events along its length. Such a DAS FO umbilical may be run into a wellbore of a well to
distribute the FO line along 2 length of the wellbore where it can be used o sense seismic
cvents at discrete locations along the length of the wellbore. Seismic event can be generated,
for example, by way of an array of seismic sources located at the surface that are operated to
transmit scismic signals into a portion of a formation surrounding the wellbore. In some
cmbodiments, a TPWT is spooled with a DAS FO umbilical that is unspooled for the TPWT
as it travels in a wellbore of a well, in turn distributing the FO line along a length of the
wellbore. The use of the TPWT may cnable the DAS FO umbilical to be distributed deep into
the wellbore with a relatively low amount of rubbing and wear of the DAS FO umbilical. In
some embodiments, the DAS FO umbilical s sized to facilitate contact between the DAS FO
umbilical and a lining of the wellbore, such as a metallic casing or tubing. For exaple, the
DAS FG umbilical may have a length that is about 125% of a length portion of the wellbore to
be lined to facilitate the DAS FO expanding radial to adhere (or “stick”) to the tubular walls
by way of surface tension. The extended length may promote the DAS FO umbilical taking a
spiral or helical shape as it sticks to the interior walls. A resulting coupling with the walls of a

tithular can help to reduce attenuation of scismic signals sensed by the DAS FO ambilical.

[0054] In some embodiments, a DAS FO umbilical includes a U-bend style DAS FO line.
A U-bend DAS FO line may include a FO line having a first DAS FO line segment terminating
into a FO U-bend that is coupled to a second DAS FO line segment. When deployed, the U-
bend may be deposited down-hole, with the first and second DAS FO line segments extending
to the surface. The ends of the first and second DAS FO line segments may be coupled to other
U-bend DAS FO line segments deploved in other wells to provide a contigoous DAS FO line
that extends into multiple wells. An interrogator may be coupled to the continuous DAS FO

line to monitor seismic events sensed by the DAS FO line disposed in the well or wells.

[0055] in some embodiments, a U-bend of a DAS FO line includes a round bend in the
DAS FO line connecting adjacent first and second segments of the DAS FO line. In some
cmbodiments, a U-bend of a DAS FO lne inchides a "mini-bend” connection connecting
adjacent first and second segments of the DAS FO line. In some embodiments, a U-bend DAS

FO line is wrapped about an integrated spool of a TPWT to maintain the curved shape of the
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U-bend of the FO line. For example, a U-bend DAS FO line may be wrapped about a
circamference of an integrated spool of a TPWT to maintain the curved shape of the U-bend
of the FO line. As a further example, a U-bend DAS FO line may be wrapped about a
circumference of an integrated spool of a TPWT with the U-bend secured to a face of the
integrated spool (for example, tucked under wraps of the U-bend DAS FO line) to maintain the
curved shape of the U-bend of the FO line. In an embodiment in which a U-bend DAS FO line
includes a mini-bend, the U-bend DAS FO line may be wrapped about a circumference of an
integrated spool of a TPWT, with the mini-bend secured to a face of the integrated spool {for
cxample, tucked under wraps of the U-bend DAS FO line) to secure and protect the mini-bend

of the FO Line.

[0056] Although certain embodiments are described with regard to a hydrocarbon well for
the purpose of illustration, embodiments can be employed in other types of subterranean wells,

such as water wells.

[0057] FiI(G. 1 is a diagram that illustrates a well environment 100 in accordance with one
or more embodunents. In the dlustrated embodiment, the well enviromment 100 includes a
reservoir {(“reservoir”™) 102 located in a subsurface formation ("formation”) 104, and a well
systemn (“well system”} 106. In some embodiments, the well system 106 includes a TPWT
system 110. As described here, in some embodiments, the TPW'T system 110 is emploved to
deploy devices, such as BHT sensors, BHP sensors or DAS sensors, into a wellbore of the well

system 106.

[0058] The formation 104 may include a povous or fractured rock formation that resides
underground, beneath the Barth’s surface (“surface™) 112. The reservoir 102 may be a
hydrocarbon reservoir defined by a portion of the formation 104 that contains (or that is at lcast
determined to contain or expected to contain) a subsurface pool of hydrocarbons, such as oil
and gas. The formation 104 and the reservoir 102 may each include different layers of rock
having varying characteristics, such as varying degrees of permeability, porosity, and fluid
saturation. In the case of the well system 106 being operated as a production well, the well
system 106 may facilitate the extraction of hydrocarbons {or “production”) from the reservoir
102. In the case of the well system 106 being operated as an injection well, the well system 106
may facilitate the injection of substances, such as water or gas, into the formation 104 or the

resexrvoir 102. in the case of the well system 106 being operated as a monitoring well, the weli
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system 106 may facilitate the monitoring of various characteristics of the formation 104 or the

reservoir 102, such reservoir pressure.

00591 The well system 106 may include a hydrocarbon well (or “well”} 114 and a well
operating system 116. The well operating system 116 may include components for developing
and operating the well 114, including a well control systern 118 and the TPWT system 110.
The well control system 118 may control various operation aspects of the well system 106,
such as well drilling operations, well completion operations, well production operations or well
and formation monitoring operations. As described, in some embodiments, the well control
system 118 controls operation of the TPWT system 110 to deploy devices, such as BHT
sensors, BHP sensors or IDAS sensors, into a wellbore of the well 114, In some embodiments,
the well control system 118 includes a corputer systern that is the same as or similar to that of

computer systern 2000 described with regard o at least FIG. 15.

[0060] The well 114 may include a wellbore {or “borehole™) 120. The wellbore 120 may
include a bored hole that extends from the surface 112 into a target zone of the formation 104,
such as the reservoir 102, An upper end of the wellbore 120, at or near the surface 112, may be
referred to as the “up-hole” end of the wellbore 120. A lower end of the wellbore 124,
terminating in the formation 104, may be referred to as the “down-hole” end of the wellbore
120. The wellbore 120 may be created, for example, by a drill hit boring through the formation
104 and the reservoir 102, The wellbore 120 may provide for the circalation of drilling fhuids
during drilling operations, the flow of hydrocarbons, such as oil or gas, from the reservoir 102
to the surface 112 during production operations, the injection of substances, such as water or
gas, into the formation 104 or the reservour 102 during ingection operations, or the
communication of monitoring devices, such as sensors or logging tools, into one or both of the
formation 104 and the reservoir 102 during monitoring operations, such as in-situ sensing or
logging operations. The wellbore 120 may include a motherbore 122 and one or more lateral

bores 124.

(00611 The well 114 may include completion elements installed in the wellbore 120, such
as casing 126. The casing 126 may include, for example, tubular sections of steel casing pipe
lining an inside diameter of the wellbore 120. In some embodiments, the casing 126 includes a
filler material, such as casing coment, deposited in the anmular region located between the
exterior of the casing pipe of the casing 126 and the walls of the wellbore 120, In some

embodiments, the casing 126 includes casing collars 128 defined by vartations in the thickness
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of the casing pipe or joints between adjacent sections of casing pipe that form the casing 126.
As described, the casing collars 128, or collars of other clements disposed in the wellbore 120,
may be detectable by a casing collar locator (CCL) device as it is passed through the wellbore
120. Portions of the welibore 120 having casing 126 installed may be referred to as a “cased”
portions of the wellbore 120, Portions of the wellbore 120 not having casing 126 instalied may
be referred to as an “open-holed” or “un-cased” portions of the wellbore 120. For example, in
the illustrated embodiment, the upper portion of the wellbore 120 having casing 126 installed
may be referred to as a “cased” portion of the wellbore 120, and the lower portion of the
wellbore 120 below (or “down-hole” from) a lower end of the casing 126 may be referred to
as an “un-cased” {or “open-holed”) portion of the wellbore 120. In some embodiments, “down-
hole” devices are positioned in the wellbore 120 to monitor conditions in the wellbore 120 or
to perform operations in the wellbore 120. For example, BHP sensors and BHT seusors may

be disposed in the wellbore 120 to measure BHP and BHT in the wellbore 120.

10062} The well 114 may include surface components, such as a wellhead 130, The
welthead 130 may inchude a device provided at an up-hole end of the wellbore 120 to provide
a structural and pressure-containing interface hetween the welltbore 120 and drilling and
production equipment of the well system 106. For example, the wellhead 130 may include a
structure having a passage that provides access to the wellbore 120 and that supports the weight
of the casing 126 or other down-hole components suspended in the wellbore 120. The wellhead
130 may include scals and valves that regulate access to the wellbore 120. During drilling
operations, a blowout preventer may be coupled to the wellthead 130 to control pressure in the
wellbore 120. During production operations, a production tree may be coupled to the welthead
130 to control production flow rates and pressure. As described here, in some embodiments, a
TPWT tree cap is coupled to the wellhead 130 to facilitate deployment of a TPWT into the
wellbore 120.

[0063] In some embodiments, the well control system 118 stores, or otherwise has access
to, well data 132. The well data 132 may include data that is indicative of various characteristics
of the well 114, the formation 104 or the reservoir 102. The well data 132 may include, for
cxample, a well location, a well trajectory, well logs, or well and formation characteristics. A
well location may include coordinates defining a location at which the up-hole end of the
wellbore 120 penetrates the Earth's swrface 112, A well trajectory for a well may include

coordinates defining a path of a wellbore of the well. For example, a well trajectory for the
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wellbore 120 of FIG. 1 may include coordinates of a path of the motherbore 122 and the lateral
bore 124. In some embodiments, the well data 132 for a well includes casing collar locations

defining the depths at which casing collars are located in the wellbore of the well.

[0064] In some embodiments, the well control system 118 stores, or otherwise has access
to, TPWT parameters 134. The TPWT parameters 134 may, for example, specify parameters
for deploving a TPW'T into the welltbore 120 of the well 114, In some erobodiments, the TPWT
parameters 134 specify a predefined trigger point. The trigger point may define a location, such
as a depth in the wellbore 120 or a time after release into a free-fall, at which a TPWT should
transition from a free-fall to propelicd operation. In some embodiments, the TPW'T parameters
134 specify a predefined route. The route may define a path within the wellbore 120, such as a
path through the vertical section of the motherbore 122 and extending into a horizontal section
of the motherbore 122 or the lateral 124, to be traversed by a TPWT in the wellbore 120. The

TPWT parameters 134 may be predefined, for example, by a well operator.

[0063] In some embodiments, the TPWT system 110 includes a thrust-propelied torpedo
(TPWT) 140, a TPW'T umbilical (“umbilical™) 142 and a TPWT tree cap (“tree cap”) 144, As
described, the TPWT system {10 may be employed to deploy devices, such as BHT sensors,
BHP sensors or DAS sensors, inio the wellbore 120 of the well 114, In some embodiments, the
umbilical 142 is a fiber optic (FO) umbilical formed of a FO line. The FO line may provide for
FO coramunication of data between the TPWT 140 and the well control system 118. In some
embodiments, the wmbilical 142 does not include a conduit for the transfer of electrical power.
For example, the umbilical 142 may not provide for the communication of operational power
from the well control system 118 to the TPWT 140. As described, in some embodiments, the
ambilical 142 includes a DAS FO line capable of sensing seismic evenis along a length of the
DAS FO line, and deployment of the umbilical into the well 114 using the TPWT 140 may

provide for positioning of the FO line along a length of the wellbore 120 of the well 114

[0066] FIG. 2 is a diagram that illustrates a TPW'T 140 in accordance with one or more
embodiments. In some embodiments, the TPWT 140 includes a TPWT body ("body™) 200, a
TPWT engine (“engine”) 202, a TPWT payload (“payload™) 204, an integrated TPW'T spool
(“spool”) 206, and a TPWT conwoller 208. The engine 202 may include a solid propellant
driven engine that is operable to generate thrust that propels advancement of the TPW'T 140 in
the welltbore 120. The thrust may be generated, for example, by a jet of gas or liquid that is

expelled from the engine 202, In some embodiments, such a jet may be expelled in a backward
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direction to gencrate forward thrust that provides for forward advancerent of the TPWT 140
(for example, advancement toward a down-hole end of the wellbore 120). In some
embodiments, some or all of the jet may be directed in forward direction to generate reverse
thrust that regulates forward advancement of the TPWT 140, or that causes the TPWT 140 to
move in a reverse direction (for example, movement “backward” toward an up-hole end of the

ellbore 120). The payload 204 may include various types of devices, such as such as BHP
sensors or BHT sensors. In some embodiments, the wmbilical 142 is the payload 204. For
cxample, where it is desirable to deploy a DAS FO line info the wellbore 120, the DAS FG line

may serve as the umbilical 142 and be the payload 204.

(00067 The TPWT controlier 208 may provide for monitoring and controlling operation of
the TPWT 140 or communicating with devices external to the TPWT 140, such as the well
control system 118. In some embodiments, the TPWT controller 208 includes a processor 218,
memory 220, and a local power source 222, The local power source 222 may be, for example,
a battery. The local power source 222 may supply power for operating the controller 208 or
other devices of the TPWT 140, such as sensors, valves, igniters, navigational elements or the

payload 204.

[0068] In some embodiments, the TPWT controlier 208 may monitor the status of various
clements of the TPWT 140. For example, the TPWT controller 208 may montior the
operational status of the engine 202, of navigational clements of the TPWT 140 {(such as the
position of stabilizers and a veverse thrust system), of sensors of the TPWT 140 (such as a
CCL), or of the payload 204 of the TPWT 140 (such as BHP sensors or BHT sensors). The
controller 208 may transmit corresponding TPWT operational data to the well control system

118 by way of the umbilical 142.

[0069] In some embodiments, the TPWT controller 208 may conirof operational aspects of
the TPWT 140. For example, the TPWT controller 208 may receive commands relating to
controlling operation of the TPWT 140, and may execute the conunands by controlling
corresponding operations of the TPWT 140. The commands may be received from the well
control system 118 by way of the umbilical 142. In some embodiments, the TPWT controller
208 includes a computer system that is the same as or similar to that of computer system 2000
described with regard to at least FIG. 15. Although some embodiments are described with
regard to the well control system 118 sending commands and the TPWT conwroller 208

executing the commands and reporting operational data to the well control system 118§,
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embodiments can include the TPWT controller 208 executing operational tasks independent of
the well control system 118. For exarnple, the TPWT controller 208 may process the TPWT
operational data locally to determine a status of the TPWT 140 and a corresponding operational
task, and may, in turn, control opcration of the TPWT 140 to exccute the task. For example,
upon the controller 208 determining that the TPWT 140 has reached a target point in the

ellbore 120, the TPWT 140 may initiate ignition of the engine 202.

[0070] In some embodiments, the body 200 of the TPWT 140 is formed of a material
adapted to dissolve under exposure to a wellbore environment. The body 200 may, for example,
be formed of a magnesium alloy that is expected to dissolve in the wellbore 120. In such an
embodiment, the TPWT 140 may come fo rest in a deployment location within the wellbore
120, and the dissolvable body 200 of the TPWT 140 may dissolve (for example, over the course
of several hours, days or weeks), leaving behind the umbilical 142 and any non-dissolvabic
portions of the TPWT 140, such as the pavicad 204 or the controller 208, at the deployment

location.

100711 in some embodunents, the body 200 is cylindrical in shape, having a cone shaped
leading end (or “nose”) 210. Thrust generated by the engine 202 may be expelled backward (in
the direction of arrow 212), from a trailing end {or “tail end”} 214 of the body 200, to generate
forward thrust to propel the TPW'T 140 forward (in the direction of arrow 216). For example,
cornbusted gas generated by the engine 202 may be expelled backward, through an exit nozzle
of the engine 202 located at the tail of the body 200 to generate forward thrust to propel the
TPWT 140 forward (for example, toward a down-hole end of the wellbore 128). In some
cmbodiments, some or all of the thrust generated by the engine 202 is selectively expelled
forward (in the direction of arrow 216), from the leading end 210 of the body 200, to generate
reverse thrust to slow or stop forward advancement of the TPWT 140. For example, at least
some of the combusted gas generated by the engine 202 may be expelled in a forward direction
to generate reverse thrust to slow or stop forward advancement of the TPWT 140, The amount
of forward or reverse thrust may be controlled to regulate the speed of the TPWT 140 or to
cause the TPWT to come to rest at or near a given deployment location in the wellbore 120, In
some embodiments, the reverse thrust may be of a sufficient magnitude to cause the TPWT
149 to move in reverse (for example, to move “backward” toward an up-hole end of the

wellbore 120},
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[0072] In some embodiments, the spool 206 provides a location for housing the umbilical
142 at the TPWT 140. The spool 206 may enable the umbilical 142 to be unspooled from the
TPWT 140 as the TPWT 140 travels through the wellbore 120 of the well 114, For example,
the spool 206 may include a circumferential depression (or “recess”) that extends along a length
of an exterior of the cylindrical body 200. The umbilical 142 may be wound onto the spool 206
(for example, the umbilical may be wound about the body 200, in the recess) with an up-hole
end of the umbihical 142 physically coupled to a surface component, such as the TPWT tree
cap 144. During a deployment of the TPW'T 140 into the wellbore 120, the umbilical 142 may
be unwound {(or "unspooled™) from the spool 206 as the TPWT 140 advances down the
welibore 120. In some embodiments, the recess of the spool 206 is of sufficient depth such that
windings of the umbilical 142 loaded onto the spool 206 do not protrude radially outward from
the recess. Such a spool 206 may provide for simple loading of the umbilical 142 onto the
TPWT 140, may protect the umbiiical 142 during assembly and transport of the TPWT 140
and during travel of the TPWT 140 in the wellbore 120, and may facilitate simple unspooling

of the umbilical 142 from the TPWT 140 in the wellbore 120.

100731 In a deployment operation, the umbilical 142 may be spooled onto the spool 206 of
the TPWT 140, an upper end of the umbilical 142 may be attached to the tree cap 144, and the
TPWT 140 may be advanced in the wellbore 120 w a deployment location in a down-hole
portion of the wellbore 120, with the umbilical 142 being unspooled from the spool 206 as the
TPWT 140 is advanced in the wellbore 120, In some embodiments, advancement of the TPWT
140 includes a gravity-driven free-fall of the TPWT 140 in the wellbore 120, followed by
thrust-driven propulsion of the TPW'T 140 that advances the TPWT 140 further into the
wellbore 120. For example, the TPWT 146 may be released into a free-fall through a first/upper
portion of the wellbore 120 (such as a vertical portion of the wellbore 120) and, upon reaching
a trigger point (such as a predefined depth in the wellbore 120), the engine 202 of the TPWT
140 may be ignited to generate thrust that propels the TPWT 140 into a second/lower portion
of the wellbore 120 (such as a horizontal portion of the wellbore 120). The TPWT 140 may
come to rest in a deployment location, for example, in a down-hole end of the secondflower
portion of the wellbore 120. The TPWT 140 may come to rest in the deployment location, for
cxample, based on controlling the thrust to slow or stop advancement of the TPWT 140 at the

deployment location, or the TPWT 140 running out its fuel source.
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[0074] During operation, a controlier may control operation of the TPWT 140. For
example, the controller 208 may control ignition and operation of the engine 202 or other
navigational elements, such as fins, rudders or directional thrust systems, to “fly” the TPWT
140 through the wellbore 120. In some embodiments, the controller 208 may control operation
of the TPWT 140 basced on commands received from the well control system 118 by way of

the umbtlical 142.

[0075] FIG. 3 is a diagram that iHustrates a TPWT tree cap 144 in accordance with one or
more embodiments. In some embodiments, the tee cap 144 inclades a TPWT wree cap body
(*tree cap body”) 300 having a TPWT trec cap scaling flange (“tree cap scaling flange”) 302
and defining a TPWT iree cap chamber (“tree cap charnber™) 304, a TPWT retainer 306, and a
TPWT tree cap comumunication port {(“tree cap commmunication port”) 308, The tree cap sealing
flange 302 may provide scaling cngagement with complementary components, such as a
sealing flange of the wellhead 130. The tree cap chamber 304 may include a void sized to house
a TPWT 140. The tree cap communication port 308 may include a port, such as a sealed
bulkhead connector, that provides for communicatively coupling an umbilical 142 of the
TPWT 140 to an external communications device, such as the well control system 118. The
sealing nature of the tree cap sealing flange 3072 and the tree cap communication port 308 may
enable the tree cap chamber 304 to contain high pressure, such as when the TPWT tree cap 144
is assembled to the wellhead 130 and a valve of the wellhead 130 is opened to expose the tree
cap chamber 304 to pressure of the wellbore 120, The TPWT retainer 306 may include a device
adapted to retain a TPWT 140 within the wee cap chamber 304. For example, the TPWT
retainer 306 may include a pin, a door or a valve, that can be moved to a closed {or “retain’)
position to retain the a TPW'T 140 within the tree cap chamber 304 and that can be moved to
an open (or “release”) position to release the TPWT 1440 from the tree cap 144, allowing the
TPWT 140 to fall from, or otherwise exit, the tree cap chamber 304. As described, in a
deployment operation, an “loaded” TPWT 140 (having the umbilical 142 spooled onto a spool
206 of the TPWT 140) may be inserted into the tree cap chamber 304, an upper end of the
umbilical 142 may be coupled to the tree cap communication port 308 at an upper end of the
tree cap chamber 304, the TPWT retainer 306 may be moved into a closed position to retain
the TPWT 140 within the tree cap chamber 304, the “loaded” TPWT tree cap 144 (including
the TPWT 140 retained within the tree cap chamber 304) may be assembled to a welthead 130
such that the tree cap sealing flange 302 seals with a complementary sealing flange of the

wellhead 130, a valve of the wellhead 130 may be opened to expose the tree cap chamber 304
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to conditions of the welibore 120 (including wellbore pressure), and, after confirming that no
leaks are present in the chamber 304 or at the tree cap sealing flange 302, the TPWT retainer
306 may be moved to an open position to release the TPWT 140 from the tree cap chamber
364, through a passage of the wellhead 130 and into the wellbore 120. Communication between
the TPWT 140 and the well control system 118 may be provided, before, during or after
advancement of the TPWT 140 through the wellbore 120, by way of the umbilical 142 and the

tree cap communicaton port 308,

[0(76] FIG. 4 is a diagram that illustrates deployment of a TPW'T 140 in accordance with
one or more embodiments. Referring to the illustrated embodiment of FIG. 4, deploymentof a
TPWT 140 into a wellbore 120 of a well 114 may include preparing the TPWT 140 for
deployment into the wellbore 120 (as illustrated by element “A”), releasing the TPWT 140 into
a gravity-driven free-fall in a first/upper-portion of the wellbore 120 (as illustrated by element
“B"7), in response to the TPW'T 140 reaching a trigger point (represented by trigger point 402),
tgniting or otherwise activating the engine 202 of the TPW'T 140 (as represented by element
(7Y to generate forward thrust that provides thrust-propelled forward advancement of the
TPWT 140 in a sccond/lower-portion of the wellbore 120 (as illustrated by element “D"), with
the TPWT 140 coming to rest at a deployment location (represented by deployment location

444} within the wellbore 120 (as ithustrated by element “E”).

{0077} In some emnbodiments, preparing the TPWT 140 for deployment into the wellbore
120 of the well 114 includes the following: (a) assembling the loaded TPWT 140 into the tree
cap chamber 304 of the TPWT tree cap 144; (b) coupling the loaded TPWT tree cap 144 to the
wellhead 120 of the well 114; and {(¢) conducting a pressure test of the TPWT wee cap 144
coupled to the wellhead 130. Assemnbling the TPWT 140 into the tree cap chamber 304 of the
TPWT tree cap 144 may inchlude inserting the loaded TPWT 140 (having an umbitlical 142
spooled onto the spoonl 206 of the TPWT 140} into the tree cap chamber 304, coupling an upper
end of the umbilical 142 to the tree cap communication port 308, and moving the TPWT
retainer 306 into a closed position to retain the TPWT 140 within the tree cap chamber 304.
Coupling the loaded TPWT tree cap 144 to the wellhead 130 of the well 114 may inchude
assembling the loaded TPWT tree cap 144 to the wellhead 130 such that the tree cap sealing
flange 302 seals with a complementary sealing flange of the wellhead 130. Conducting a

pressure test of the TPWT tree cap 144 coupled to the wellhead 130 may include opening a
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valve 406 of the wellhead 130 to expose the tree cap chamber 304 to conditions of the wellbore

120, including the fluid pressure of wellbore 120,

100781 in some embodiments, releasing the TPWT 140 nto a gravity-driven free-fallin a
first/upper-portion of the wellbore 120 includes moving the TPWT retainer 306 to an open
position to release the TPW'T 140 from the tree cap chamber 304, sach that the TPWT 140 falls
through a passage of the wellhead 130 and into the wellbore 120. The engine 202 of the TPWT
140 may not be active during initial advancement of the TPWT 140 in the wellbore 120,
including the duration of the gravity-diiven free-fail in the first/upper-portion of the wellbore

120.

[0079] In some embodiments, the trigger point is defined by a predetermined depth within
the wellbore 120, For exaraple, the trigger point may be a depth of 1000 meters (m). The trigger
point may be specified in the TPWT parameters 134, In such an embodiment, it can be
determined that the TPWT 140 has reached the trigger point in response to determining that
the TPWT 146 is located at a depth of about 1000 m or more. The depth of the TPWT 140 may
be determined, for cxample, by way of sensing the passage of fixed locations within the
wellbore 120. This can include a casing collar locator of the TPWT 140 sensing casing collars
128 as the TPWT 140 passes the casing collars 128 while advancing down the wellbore 120.
In some embodiments, the depth of the TPWT 140 is determined based on a length of time the
TPWT 140 has been in free-fall. For example, if a trigger point corresponds to a depth of about
1000 m, and it is determined that the TPWT 140 will reach a depth of about 1000 m after 30
seconds of free-fall, it may be determined that the trigger point of 1000 m is reached when the

TPWT 140 has been in free-fall for about 30 seconds.

[0080] In some embodiments, the trigger point is defined by a predetermined location
within the wellbore 120. For example, the trigger point may be the location at which the
wellbore transitions from a vertical orientation (for example, the wellbore 120 having a
longitudinal axis oriented at about 0° from vertical) to a horizontal orientation (for example,
the wellbore 120 having a longitudinal axis oriented at about 45° or more from vertical). In
such an embodiment, it may be determined that the TPW'T 140 has reached the trigger point in
response to determining that the TPWT 140 is oriented at an angle of about 45° or more trom
vertical. The orientation of the TPWT 140 may be determined, for example, by way of

gyroscope sensors of the TPWT 140 sensing an orientation of the TPWT 140.
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[0081] In some embodiments, the propelled advancement of the TPWT 140 into the
second/lower-portion of the wellbore 120 includes operating navigational elements, such as
fins, redders or directional thrust systems to “fiy” the TPWT 140 through the wellbore 120.
For example, where the deployment location 404 is located in the motherbore 122 of the
wellbore 120, the navigational clements, such as fins, rudders or directional thrust systems,
may be controlled to direct the TPWT 140 along the motherbore 122 to reach the deployment
location 404. As a further example, where the deployment location 404 is located in the lateral
bore 124 of the wellbore 120, the navigational elements, such as fins, rudders or directional
thrust systems, may be conirofled to direct the TPW'T 140 along the motherbore 122 and into
the lateral bore 124, to reach the deployment location 404. In some embodiments, the TPWT
may be “flown” through the wellbore 120 along a predefined route specified in the TPWT

parameters 134

[0082] As described, the engine 202 of the TPW'T 140 may gencrate thrust as a result of
consuraption of a fucl, such as a solid or liquid propellant. FIG. § 15 a diagram that illustrates
an example engine 202 of the TPWT 140 in accordance with one or more embodiments. In
some embodiments, the engine 202 of the TPW'T 140 includes a fuel source 502, a combustion
chamnber 504, an exhaust port 506 and an igaiter 510, In an embodimment in which the fuel is a
solid propeliant, the fuel source 502 may include the solid propellant. In such an embodiment,
the igniter 510 may be positioned near, adjacent or in the solid propellant, and may be activated
to ignite the solid propeliant. The resulting combustion of the solid propellant may generate
hot gas {or “exhaust gas”y that is expelled from the exhaust port 506, In an emnbodiment in
which the tuel is a liguid propellant, the fuel source 502 may include a reservoir of the liguid
propellant and the engine 202 may include a fuel supply valve or pump may that regulates the
flow of the liquid propellant into the combustion chamber 504, which may, in tur, regulate

the amount of iguid propellant consumed and hot gas and thrust generated.

0083] The expulsion of the exhaust gas from the exhaust port 506 may generate forward
thrust that propels the TPWT 140 forward (for example, toward a down-hole end of the
wellbore 120} The igniter 510 may include an elernent that (s activated (for example, using
power of a battery of the controller 208) to ignute the fuel, to cause combustion of the fuel. In
some embodiments, operation of the igniter 510 is controlied by a conwroller, such as the TPWT
controller 208. The exhaust port 506 may terminate with an exhaust nozzle 512 which directs

the reward expulsion of the exhaust gas from the TPWT 140. The exhaust nozzle 512 may
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inchude an cxternal or integrated nozzie. For example, in the illustrated embodiment, the
exhaust nozzle 312 includes an integrated cone-shaped nozzle formed in the tail end 214 of the

body 200 of the TPWT 140.

{00841 in some embodiment, the engine 202 of the TPWT 140 is a jet-pump engine. FIG.
6 is a diagram that itlustrates an example jet-pump engine 202 of the TPWT 140 in accordance
with onc or more embodiments. In the illustrated embodiment, the jet-pump engine 202 of the
TPWT 140 includes a fuel source 602, a combustion chamber 604, an exhaust port 606, an
igniter 610, an exhaust nozzle 612, a mixing chamber 614, an inlet nozzle 616 and a well fluid
inlet 618, During operation, the fuel may be ignited and combusted to generate hot gas that is
expelled through the inlet nozzle 616 and into the mixing chamber 614, where the hot gas is
mixed with well fluid 620 routed into the mixing chamber 614 by way of the well fluid inlet
618. The well fluid 620 may include production fluid or other substances located in the
wellbore 120 of the well 114 that are routed into the well fluid inlet 618 and the mixing chamsher
614 as the TPWT 140 advances in the wellbore 120. The hot gases may mix with the well fluid
620 n the mixing chamber 614 and then be expelied through a throat 622 and exhaust nozzle
617 of the exhaust port 606. The addition of the well fluid 620 may increase the volume of
substances being cxpelled from the exhaust port 606, resulting in a relative increase of thrust
generated by the engine 202. The expulsion of the mixture of hot gas and well fluids (or
“exhaust gas”) from the exhaust port 606 may generate forward thrust that propels the TPWT
140 forward (for example, toward a down-hole end of the wellbore 120}, The igniter 610 may
include an clement that is activated (for example, using power of a battery of the controller
208} to ignite the fuel, to cause combustion of the fuel. In some embodiments, operation of the
igniter 610 is controlled by a controller, such as the TPWT countrolier 208. The exhaust port
606 may terminate with the exhaust nozzle 612, which directs the reward expulsion of the
exhaust gas from the TPWT 140. The exhaust nozzle 612 may include an external or integrated
nozzie. For example, in the illustrated cmbodiment, the exhaust nozzie 612 includes an

integrated cone-shaped nozzle formed in the tail end 214 of the body 200 of the TPWT 140.

[0085] In some embodiments, the TPWT 140 includes navigational clements, such as fins,
rudders, or directional thrust systems. The navigational clements may assist in directing the
TPWT 140 through the wellbore 120. FIG. 7 is a diagram that illustrates exampie navigational
clements of the TPWT 140 in accordance with one or more embodiments. In the tlustrated

embodiment, the TPWT 140 includes an engine 202 similar to that described with regard to
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FIG. 5, although other engines, such as the pump-jet engine of FIG. 6, may be employad. The
tlustrated TPWT 140 includes stabilizers 702, including fins or rudders, and a directional theust
systerm 706, including a directional exhaust nozzle 708 and a reverse thrust system 710, A
TPWT 140 may include a combination of some or all of the navigational clements described.
In the tHustrated embodiment, the stabilizers 700 include forward stabilizers 712 and rearward
stabilizers 714. In some embodiments, the stabilizers 702 include fins or rudders. For example,
the forward stabilizers 712 may include fins and the rearward stabilizers 714 may inchude
rudders. A fin may include a fixed stabilizer (for example, a fixed fin clement extending
laterally from the body 200) that reduce acrodynamic side slip of the TPWT 140. A rudder may
include a movable stabilizer (for example, a rotating fin element extending laterally from the
body 206 that provides for steering of the TPWT 140. In some embodiments some of all of
the stabilizers 702 may include a combination of a fin and a rudder. For example, a stabilizer
702 may include a wing including a fixed forward {in element extending laterally from the
body 200, and a rotating fin element extending from a trailing end of the fixed forward fin
clement. The fin element may provide for stabilizing the TPWT 140 and the rudder clement
may provide for steering of the TPW'T 140. In some embodiments, the forward stabilizers 712

include fins and the rearward stabilizers 714 inchide rudders or wings.

[0086] in some embodiments, the directional thrust system 706 provides for directing
thrust generated by the engine 202 of the TPW'T 140 to assist in controlling movement and
direction of the TPWT 140. For example the directional exhaust nozzle 708 may include a
ginbal mounted exhaust nozzle of the TPW'T 140 that can be swiveled to guide a direction of
the thrust generated by the enging 202 of the TPWT 140. The resulting change in direction of
the thrust can steer the TPWT 140 in different directions. Accordingly, the direction of the
directional exhaust nozzle 708 may be controlled to steer the TPW'T 140 in different directions.
In some embodiments, the direction of the divectional exhaust nozzle 708 is controlled by a

controller, such as the TPWT controlier 208.

[0087] As a further example, the reverse thrust systemn 710 may include a conduit that can
be selectively engaged to direct thrust in a forward direction to generate reverse thrust to, for
cxample, slow or stop movement of the TPWT 140 in the forward direction. In the illustrated
embodiment, the TPWT 140 includes elements similar to those described with regard to the
engine 202 of FI(5. 5, in addition to a reverse thrust system 710 that includes a forward thrust

contro} valve 718, a reverse thrust control valve 720, a reverse thrust passage 722 and a reverse
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thrust port 724. The forward thrust control valve 718 may be a throttle valve that is operable fo
regulate the flow of hot gas {or “exhaust gas”™) into the exhaust port 506 and, in turn, regulate
the amount of forward thrust generated by the engine 202. The reverse thrust control valve 720
may be a throttle valve that is operable to regulate the flow of hot gas (or “exhaust gas™) through
the reverse thrust passage 722 and the reverse thrust port 724 and, in turn, regulate the amount
of reverse thrust generated by the engine 202. During a reverse thrust operation, the reverse
thrust conwrol valve 720 may be at least partially opened or the forward thrust control valve
may be at least partially closed, to direct hot gas (or “exhaust gas’™) through the reverse thrust
passage 722 and the reverse thrust port 724. The expulsion of the exhaust gas from the reverse
thrust port 724 may result in thrust in the forward direction to generate reverse thrust to, for
example, slow or stop movement of the TPWT 140 in the forward direction {for example,
toward a down-hole end of the wellbore 120). In some embodimenis, the reverse thrust is of
sufficient magnitude to cause the movement of the TPWT 140 in the reverse direction (for
cxample, toward an up-hole end of the wellbore 120). In some embodiments, operation of the
forward thrust control valve 718 or the reverse thrust control valve 720 is controlled by a
controller, such as the TPWT controller 208. A similar reverse thrust system may be
incorporated in a TPWT 140 having a jet-pump style engine. For example, referring 1o FIG. 6,
a similar reverse thrust passage may extend from the combustion chamber 604 or the mixing
chamber 614, with a veverse thrust control valve regulating flow through the reverse thrust
passage, and a forward thrust control valve located between the combustion chamber 604 and
the mixing chamber 614 (or between the mixing chamber 614 and the exhaust port 6006}

regulating flow through the exhaust port 606,

[0088] In some embodiments, the TPWT 140 includes a locating system, such as a casing
collar locator ("CCL”) that is operable to sense casing collars 128 as the TPWT 140 passes the
casing collars 128 while advancing down the wellbore 120. FIG. 8 is a diagram that illustrates
an example casing collar locator (“CCL”) 800 of the TPWT 140 in accordance with one or
more embodiments. In the iHustrated embodiment, the CCL 800 includes a two CCL coils 802a
and 802b residing radially internal to the recess of the spool 206. Each of the coils 802a and
802b may include a coil of electrically conductive wire (for example, copper wire) that is
wrapped into respective circumferential depressions (or “recesses”) 804a and 804b that extend
radially inward from the recess forming the spool 206. During usc, the coils §02a and §02b
may be clecuified to create an electromagnet that is capable of sensing changes in magnetic

ficld caused by changes in tubular thickness of a surrounding metal tubular in the wellbore 120,
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such as the casing 126. As the TPWT 140 travels through the wellbore 120 and passes the
locations at which a surrounding metal tubular changes in thickness, such as at a casing collars
128, the coils 802a and §02b may detect a corresponding change in magnetic field, in sequence,
and the change can be attributed to the TPWT 140 being located at or passing the location of
the change. For example, as the TPWT 140 travels through the wellhore 120 and passes the
first casing collar 128 known to be at a depth of 100 my, the coils 502a and 802b may detect a
first change in magnetic field at a first time, and it can be determined that the TPWT 140 is
tocated at the depth of 100 m at the first time. As the TPWT 140 continues to travel through
the welibore 120 and passes the second casing collar 128 known to be at 2 depth of 200 m, the
coils 802a and 802Zb may detect a second change in magnetic field at a second time, and it can
be determined that the TPW'T 140 is located at the depth of 200 m at the second time, and so
forth.

[0089] In some embodiments, the TPWT 140 is used to deploy acoustic sensors, such as
FO line, for DAS. DAS may be used, for example, for vertical seismic profiling of a well. FIG.
9 1s a diagram that iliustrates deployment of a DAS FO line into a wellbore 120 of the well 114
in accordance with one or more embodiments. In the iHustrated embodiment, the umbilical 142
includes a DAS FO line 900. When the TPWT 140 is deployed into the well 114, the DAS FO
line may be unspooled into the wellbore 120, resulting in the DAS FO line 900 being distributed
at along a length of the wellbore 120. In some embodiments, an interrogator 904 couplad to the
DAS FG line 900, such as the well control system 118, monitors seismic events sensed by the
DAS FO line 900. The seismic events may be seismic echoes resulting, for example, from

seismic signals generated by an array of seismic sources 906 located at the surface 112.

[0090] in some embodiments, the DAS FO line 900 forming the umbilical 142 is sized 0
facilitate contact between the DAS FO line 900 and a lining of the wellbore 120, such as an
interior wall of the casing 126. For example, a DAS FO line 900 may have a length that is about
125% of a length portion of the wellbore 120 to be lined with the DAS FO line 900. This extra
length may facilitate the DAS FO line 900 expanding radial to adhere (or “stick™) to the tubular
walls, such as the interior walls of the casing 126, by way of surface tension. As a resuls, the
DAS FGO line 900 may take a spiral or belical shape, sticking to the wbular walls of the wellbore
120. The resulting coupling of the DAS FO line 900 with the tubular walls can help to reduce

attenuation of seismic events sensed by the DAS FCG line 900.
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[0091] FIG. 190 is a diagram that illustrates deployment of U-bend style BAS FO line inio
multiple wellbores in accordance with one or more embodiments. In the illustrated
embodiment, the urobilical 142 includes a U-bend style DAS FO line 1000 deployed nto
multiple wellbores 1202 and 120b of respective wells 114a and 114b by way of respective
TPWTs 140a and 140b. The DAS FO line 1000 may include multiple down-hole portions
1002a and 1002b that are each deployed into respective wellbore 1204 and 120b. The down-
hole portions 1002a and 1002b may each include first and second DAS FO segments 1004a
and 1004b that are connected to one another by way of a U-bend 1006. The U-bend 1006 may
inchuade a rigid 180° bend in the DAS FO line that provides a curved transition between the first
and second DAS FO line segments 1004a and 1004b. In some embodiments, the U-bend 1006
includes a “mini-bend”, such as a MiniBend® Fiber Optic Component, provided by AFL,

having headquarters in Duncan, South Carolina, USA.

[0092] During a deployment operation for cach of the respective wellbores 120z and 120b,
the respective down-hole portion 10022 or 1002b of the U-bend style DAS FO line 1000 may
be spooled onto a spool 206 of the respective TPWTs 140a or 140b, and the TPWTs 140a or
140b may be deploved into the respective wellbores 120a or 120b to deploy the respective
down-bole portions 1002a or 1002b into the respective wellbores 120a or 120b. As illustrated,
as a result of a deployment operation, the TPWT 140a and 140b and the respective the down-
hole portions 1002Za and 1002b may be deposited in a down-hole portion of the respective
wellbore 120a and 120b, with each of the first and second DAS FO segments 1004a and 1004b
of the down-hole portions 10024 and 1002b extending along the respective wellbores 120a and
120b, to the surface 112. In some embodiments, an interrogator 1010 couplad to the BDAS FO
tine 1000, such as the well control system 118, monitors seismic events sensed by the respective
down-hole portions 1002a and 1002b of the DAS FO line 1000. The seismic events may be
seismic echoes resulting, for example, from seismic signals generated by an array of seismic

sources 1012 located at the surface 112.

[0093] In some embodiments, the U-bend 1006 of a down-hole segment 1002 of a U-bend
style DAS FO line 1000 is wrapped about a spool 206 of 2 TPWT 140 in a manner fo maintain
and protect the curved shape of the U-bend 1006. As illustrated in FiG. 11, in some
embodiments, the U-bend 1006 of the down-hole segment 1002 of the U-bend style DAS FO
line 1000 is wrapped about a circumference of the spool 206 of the TPW'T 140 to maintain and

protect the curved shape of the U-bend 1006. In such an embodunent, loading of the spool 206
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may include wrapping the U-bend 1006 about the circumference of the spool 206, and
subsequently winding the down-hole segment 1002 of the U-bend style DAS FO line 1000
about the U-bend 1006 or the circumference of the spool 206. As illustrated in FIG. 12, in some
embodiments, the U-bend 1006 is secured to a face of the spool 206, with the down-hole
segment 1002 of the U-bend style DAS FO line 1000 being wrapped about a circumference of
the spool 206 of the TPWT 140 to maintain and protect the curved shape of the U-bend 1006.
For example, the U-bend 1006 may be “tucked” under wraps of the down-hole segment 1002
of the U-bend style DAS FO line 1000 1o maintain and protect the curved shape of the U-bend
1006. In such an embodiment, loading of the spool 206 may include placing the U-bend 1006
against a surface of the spool 206, and subsequently winding the down-hole segment 1002 of
the U-bend style DAS FO line 1000 about the U-bend 1006 and the circumterence of the spool
206. Such a tucked configuration may be suitable for use with a mini-bend type U-bend 1006.
For example, a mini-bend type U-bend 1006 may be tucked under wraps of the down-hole
segment 1002 of the U-bend style DAS FO line 1000 to maintain and protect the curved shape
of the U-hend 1006.

(0094 FIG. 13 is a flowchart diagram that illustrates a method of DAS sensing 1300 in
accordance with one or more embodiments. The method 1300 may include deploving a BAS
FO line into a wellbore using a TPWT (block 1302). In some embodiments. deploying DA FO
line into a wellbore includes deploying a DAS FO line into one or more wellbores using one
or more TPWTs. For example, deploying DAS FGO line into 2 wellbore using a TPWT may
include deploying the DAS FO line 900 into the wellbore 120, as described with regard to at
least FIG. 9. As a further example, deploying a DAS FO line into a wellbore using a TPWT
may include deploying the U-bend style DAS FO line 1000 into the wellbores 120a and 120b,

as described with regard to at least FIG. 10.

[0095] The method 1300 may include deploying seismic sources (hlock 1304). In some
embodiments, deploying seismic sources inchides deploying one or more seismic generators
operable to generate seismic signals. For example, deploying scismic sources may inclade
positioning an array of seismic sources 906 at the surface 112, as described with regard to at
least FIG. 9. As a further example, deploving seismic sources may include positioning an array

of seismic sources 1012 at the surface 112, as described with regard to at least FIG. 10.

[0(96] The method 1300 may include activating the seismic sources {0 generate seismic

signals (block 1306) and recording resulting seismic signals received at the the DAS FO line

236~



WO 2020/219902 PCT/US2020/029844

(block 1308). In some embodiments, activating the seismic sources to gencrate seismic signals
includes operating the seismic sources to generate seismic signals that penetrate a formation.
For example, activating the seismic sources o generate seismnic signals may wnclude an
interrogator, such as the well control system 118, controlling the seismic sources 906 or 1012
to generate scismic signals that penetrate the formation 104. In some embodiments, recording
resulting seismic signals received at the DAS FO line includes recording seisroic signals sensed
at the DAS FO line. For example, with regard to the DAS FG line 900 described with regard
to at least FIG. 9, recording resulting seismic signals received at the DAS FO line may include
the well control system 118 recording seismic signals sensed as discrete locations along the
portion of the DAS FG line 900 located in the wellbore 120. As a further example, with regard
to the DAS FO line 1000 described with regard to at least FI(5. 10, recording resulting seismic
signals received at the DAS FO line may include the well control system 118 recording seismic
signals sumultaneously sensed along the first and second DAS FO segments 1004a and 1004b

of the down-hole portions 1002a and 1002b disposed in the wellbores 120a and 120b.

[0097] In some embodiments, various operations can be undertaken based on the seismic
data obtained by way of a DAS FO line. For example, the recorded acoustic data can be used
to determine characteristics of the formation 104 and the reservoir 102, which can in turn be
used 1o determine appropriate operaung parameters for the well 114 (or wells 114a and 114b),
such as production rates or production pressures for the well 114 {or wells 114a and 114b), or
to determine appropriate locations and irajectories for additional wells in the formation 104.
The well 114 (or wells 114a and 114b)}, or other wells in the formation 104, can be operated in
accordance with the determined operating parameters, or other wells can be drilied into the

formation 104 at the locations and with the trajectories determined.

[0098] FIG. 14 15 a flowchart diagram that iHlustrates a method of deploying a TPWT mnto
a well 1400 accordance with one or more embodiumenis. The method 1400 may include
preparing a TPWT for deployment in a wellbore (block 1402). In some embodiments, preparing
a TPWT for deployment in a wellbore includes preparing a TPWT 140 for deployment into a
welltbore 120 of a well 114, For example, preparing the TPWT 140 for deployment may inchude
a well operator performing the following operations: {a) loading a spool 206 of a TPWT 140
with an umbilical 142 (for example, a FO line, a DAS FO line or a U-bend style DAS FO line);
(a)assembling the TPWT 140 into a tree cap chamber 304 of a TPWT tree cap 144; (b) coupling
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the “loaded” TPWT tree cap 144 to a wellthead 130 of the well 114; and (¢) conducting a

pressure test of the TPWT tree cap 144 coupled to the wellhead 130,

00991 The method 1400 may inchide releasing the TPWT into a gravity-driven free-fall
in the wellbore (block 1404). In some embodiments, releasing the TPWT into a gravity-driven
free-fall in the wellbore includes releasing the loaded TPWT 140 nto a gravity-driven free-fall
in a fust/upper-portion of the wellbore 120. For example, the well conirol system 118 or other
well operator may control operation of the tree cap 144 to move the TPWT retainer 306 1o an
open position to release the TPWT 140 from the tree cap chamber 304, such that the TPWT

140 falls through the wellhead 130 and into a first/upper-portion of the wellbore 120.

(00100}  The method 1400 may include determining whether the TPW'T has reached a trigger
point (block 1406}. In some embodiments, determining whether the TPW'T has reached a
trigger point includes monitoring advancement of the TPWT within the wellbore 120 1o
determine whether the TPWT 140 has reached a trigger point. For example, a controller, such
as a the well control system 118 or the TPWT controller 208, may determine, based on a timed
duration of the fall or navigational data indicative of a speed, location or oricntation of the

TPWT 140, whether the TPWT 140 has reached the trigger point 402,

[001017  The method 1400 may include, in response to determining that the TPWT has
reached the trigger point, conducting propelled advancement of the TPWT in the wellbore to a
deployment location in the wellbore (block 1408). In some embodiments, conducting propelled
advancement of the TPWT in the wellbore to a deployment location in the wellbore includes
operating the engine 202 of the TPWT 140 to generate thrust to propel the TPWT 140 into the
second/lower-portion of the wellbore 120, with the TPWT 140 coming to rest at a deployment
location 404 in the wellbore 120. For exarple, a controller, such as a the well control system
118 or the TPWT controller 208, may control the ignition and operation of the engine 202 and
control operation of other navigational elements, such as fins, rudders or directional thrust
systems to “fly” the TPWT 140 through the wellbore 120, to the deployment location 404, In
some embodiments, control of the TPWT 140 is provided by navigational comrmands initiated
locally by the TPWT controlier 208, or navigational commands provided to the TPWT

controller 208, from the well control system 118 by way of the umbilical 142.

[00102]  The method 1400 may include monitoring the payload of the TPWT (block 1410).

In some embodiments, monitoring the payload of the TPWT includes monitoring data received
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from the payload 204 of the TPWT 140. For example, where the payload 204 inchudes BHP
scnsors or BHT sensors, a controller, such as the well control system 118, may monitor
operational data, including BHP data and BHT data indicative of the BHP or BHT at the
deployment location 404 in the wellbore 120. As a further example, where the payload 204
includes a DAS FQO line, a controlier, such as a the well control system 118, may monitoring
operational data, including acoustic data indicative of seismic events sensed by the DAS FO

tine 900 or 1000 deployed in the wellbore 120

(001031 In some embodiments, various operations can be undertaken based on the data
obtained by way of a payload 204 of a TPW'T 140 deployed into a well 114. For example,
where the payload 204 includes BHP sensors or BHT sensors, the corresponding BHP data and
BHT data can be used to determine a BHP and BHT for the well 114, which can, in turn, be
used to determine appropriate operating parameters for the well 114, such as production rates
or production pressures for the well 114, and the well 114, or other wells in the formation 104,
can be operated in accordance with the determined operating parameters. As a further example,
where the payload 204 includes a DAS FO line, the acoustic data can be used to determine
characteristics of the formation 104 and the reservoir 102, which can, in turn, be used to
determine appropriate operating parameters for the well 114, such as production rates or
production pressures for the well 114, or to determine appropriate locations and trajectornies for
additional wells in the formation 104. The well 114, or other wells in the formation 104, can
be operated in accordance with the determined operating paramcters, or other wells can he

drilled into the formation at the locations and with the trajectories determined.

(001047  FIG. 15 is a diagram that dlustrates an example computer system (or “system”)
2060 in accordance with one or more embodiments. In some embodiments, the system 2000
includes a memory 2004, a processor 2006 and an input/output (I/O) interface 2008. The
memory 2004 may include non-volatile memory (for cxample, flash memory, read-only
memory (ROM), programmable read-only memory (PROM), erasable programmmable read-
only memory (EPROM), electrically erasable programmable read-only memory (EEPROM)),
volatile memory (e.g., random access memory (RAM), static random access memory (SRAM),
synchronous dynamic RAM (SDRAM)), or bulk storage memory (for example, CD-ROM or
DVD-ROM, hard drives). The memory 2004 may include a non-transitory computer-readable
storage medinm having program instructions 2018 stored thereon. The program instructions

2010 may inclade program modules 2012 that are executable by a computer processor {for
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cxample, the processor 2006) to cause the functional operations described, such as those
described with regard to the well control system 118, the TPWT controller 208, the method

1300 or the method 1400.

[00103]  The processor 2006 may a processor capable of executing the program instructions
2010, For example, the processor 2006 may include a central processing unit (CPU) that cairies
out program instructions (for example, the program instructions of the program modules 2012)
to perform the arithimetical, logical, or input/output operations described here. The processor
2006 may include one or more processors. The O tnterface 2008 may provide an interface for
commumnication with one or more O devices 2014, such as a joystick, a computer mouse, a
keyboard, or a display screen (for example, an clectronic display for displaying a graphical user
interface (GUD)). The /O devices 2014 may be connected to the /O interface 2008 by way of
a wired connection (for example, an Industrial Ethernet connection) or a wireless connection
(for example, a Wi-Fi compection). The VO interface 2008 may provide an interface for
cormmunication with one or more external devices 2016. In some embodiments, the O
interface 2008 includes one or both of an antenna and a transceiver. In some embodiments, the

external devices 2016 inchide sensors or other computer systems.

[00106]  Further modifications and alternative embodiments of various aspects of the
disclosure will be apparent 1o those skilled in the art in view of this description. Accordingly,
this description is to be construed as dlustrative only and is for the purpose of teaching those
skilled 1n the art the general manner of carrying out the embodiments. It 18 to be understood
that the forms of the cmbodiments shown and described here are to be taken as examples of
cmbodiments. Elements and materials may be substituted for those illustrated and described
here, parts and processes may be reversed or ontted, and certain features of the embodiments
may be utilized independently, all as would be apparent to one skilled in the art after having
the benefit of this description of the embodipents. Changes may be made in the elements
described here without departing from the spirit and scope of the embodiments as described in
the following claims. Headings vsed here are for organizational purposes only and are not

meant o be used 1o {imit the scope of the description.

[00107] It will be appreciated that the processes and methods described here are example
cmbodiments of processes and methods that may be employed in accordance with the
technigues described here. The processes and methods may be moditfied to facilitate variations

of their implementation and use. The order of the processes and methods and the operations
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provided may be changed, and various elements may be added, reordered, combined, omitted,
modified, and so forth. Portions of the processes and methods may be implerented in software,
hardware, or a combination of software and hardware. Some or all of the portions of the
processes  and  methods may  be  implemented by one or more of the

processors/modules/applications described here.

[00108]  As used throughout this application, the word “may” is used in a permissive sense
(that is, meaning having the potential to), rather than the mandatory sensc (that is, meaning
must). The words “include,” “inchuding,” and “includes” mean incloding, but not limited to.
As used throughout this application, the singuiar forms “a”, “an,” and “the” include plural
referents unless the content clearly indicates otherwise. Thus, for example, reference to “an
clement” may include a combination of two or more elements. As used throughout this
application, the term “or” is used in an inclusive sense, unless indicated otherwise. That is, a
description of an clement including A or B may refer to the clement including one or both of
& and B. As used throughout this application, the phrase “based on” does not limit the
associated operation to being solely based on a particular item. Thus, for example, processing
“based on” data A may include processing based at least in part on data A and based at least in
part on data B, unless the content clearly indicates otherwise. As used throughout this
application, the term “from” does not limit the associated operation to being directly from,
unless indicated otherwise. Thus, for example, receiving an item “from’ an entity may include
receiving an item directly from the entity or indirectly from the entity (for example, by way of
an intermediary entity). Usless specifically stated otherwise, as apparent from the discussion,
it is appreciated that throughout this specification discussions utilizing terms such as
“processing,” “computing,” “calculating.” “determining” or the like may refer to actions or
processes of a specific apparatus, such as a special purpose computer or a similar special
purpose electronic processing/computing device. In the context of this specification, a special
purpose computer or a similar special purpose clectronic processing/computing device is
capable of manipulating or transforming signals, typically represented as physical, clectronic
or magnelic quantities within memories, vegisters, or other information storage devices,
transmission devices, or display devices of the special purpose computer or similar special

purpose clectronic processing/computing device.
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CLAIMS
‘What is claimed is:

1. A method of deploying a payload into a subterranean well, the method comprising:
releasing a torpedo into gravity-driven advancement within a first portion of a wellbore
of a subterranean well, the torpedo comprising:

a body;

a fiber-optic (FO) umbilical that is physically coupled to a surface
component, configured to unspool from the torpedo as the
torpedo advances in the wellbore, and configured to facilitate
communication between the torpedo and a well control system;
and

an engine configured to generate thrust to propel advancement of the
torpedo in the wellbore;

determining that the torpedo has reached a trigger point within the wellbore; and
activating, in response to determining that the torpedo has reached the trigger point
within the wellbore, the engine to generate forward thrust to propel the torpedo
within a second portion of the wellbore such that the FO umbilical is disposed
in the second portion of the wellbore, and the torpedo comes to rest in a
deplovment location within the wellbore.
2. A method of deploying a fiber-optic payload into a sabterrancan well, the method
comypising:
advancing a torpedo in a fivst portion of a wellbore of a subterrancan well, the torpedo
comprising:

a body;

a fiber-optic (FO; umbilical that is physically coupled to a swiface
component, and configured to unspool from the torpedo as the
torpedo advances in the wellbore; and

an engine configured to generate thrust to propel the torpedo; and

activating the engine to gencrate thrust to propel advancement of the torpedo within a
second portion of the wellbore such that the FO umbilical is disposed in the

second portion of the wellbore.
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3. The method of claim 2, further comprising:

determining that the torpedo has reached a trigger point within the wellbore,

wherein the engine is activated to generate the thrust in response to determining that
the torpedo has reached the trigger point within the wellbore.
4. The method of claim 3, wherein the trigger point within the wellbore comprises a
predefined depth within the wellbore.
5. The method of claim 3, wherein the first portion of the wellbore comprises a vertical
portion of the wellbore and the second portion of the wellbore comprises a horizontal portion
of the wellbore, and wherein the trigger point within the wellbore comprises a point of
transition between the vertical portion of the wellbore and the horizontal portion of the
wellhore.
6. The method of any one of claims 2-5, wherein the body is formed of a dissolvable
material configured o dissolve in the wellbore, and the method further comprising leaving the
torpedo at the deployment location such that the body of the torpedo dissolves at the
deployment location within the wellbore.
7. The method of claim any one of claims 2-6, wherein the engine comprises a solid
propellant foel, and wherein activating the engine comprises activating an igniter of the engine
to cause combustion of the solid propellant fuel to generate the thrust o propel the torpedo
within the second portion of the wellhore.
8. The method of claim any one of claims 2-7, wherein the torpedo comprises a casing
collar locator (CL) configured to sense collars within the wellbore, and wherein the method
further cormprises determining a location of the torpedo within the wellbore based on a location
of a coliar sensed by the CCL.
9. The method of claim any one of claims 2-8, wherein the torpedo comprises a payload
COMPEISING a sensor.
10. The method of claim 9, wherein the sensor comprises a hottom-hole pressure (BHP)
sensor or a bottom-hole temperature (BHT) sensor.
i1, The method of any one of claims 2-10, wherein the FO umbilical comprises a
distributed acoustic sensing (DAS) FO line.
12. The method of claim 11, further comprising, subsequent to the torpedo coming to rest
in the deployment location within the wellbore, conducting a scismic operation comprising

sensing seismic events by way of the DAS FO line vuspooled in the wellbore.
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13. The method of any one of claims 2-12, wherein the torpedo comprises a rudder
configured to steer advancement of the torpedo within the wellbore, the method further
comprising steering the rudder to steer advancement of the torpedo within the wellbore.

14. The method of any one of claims 2-13, wherein the torpedo comprises a gimbal
mounted exhaust nozzle configured to steer advancement of the torpedo within the wellbore,
the method further comprising steering the gimbal mounted exhaust nozzle to steer
advancement of the torpedo within the wellbore.

15, The method of any one of claims 2-14, the method further comprising steering the
torpedo into a lateral bore of the wellbore,

i6. The method of any one of claims 2-15, wherein the torpedo comprises a reverse thrust
system configured to generate reverse thrust to slow or stop forward advancement of the
torpedo within the wellbore, the method further comprising activating the reverse thrust system

t0o generate the reverse thrust to slow or stop forward advancement of the torpedo within the

wellbore.
17. The method of any one of claims 2-16, further comprising the torpedo transmitting data

to the well control system by way of the FO umbilical.

i8. The method of claim 17, wherein the data comprises navigational data or operational
data.
19 The method of any one of claims 2-18, further comprising the well control system

transmitting data to the torpedo by way of the FO umbilical.
20. The method of claim 19, wherein the data comprises navigational commands or
operational commands.
21. The method of any one of claims 2-20, further comprising:
posttioning the torpedo in a torpedo chamber of a torpedo ree cap;
closing a torpedo retainer of the torpedo tree cap to retain the torpedo in the torpedo
chamber; and
assembling the torpedo tree cap to a wellhead of the subterrancan well;
wherein releasing the torpedo comprises opening the torpedo retainer to release the
torpedo from the torpedo chamber such that the torpedo falls into a gravity-
driven advancement in the first portion of the wellbore.
22. A non-transitory computer readable storage medium comprising program inséructions
stored thereon that are executable by a processor to cause the methods of any one of claims 1-

21.
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23. A torpedo system for deploying a payload into a subterrancan well, the system
comprising:

a control system; and

a torpedo comprising:

a body;

a fiber-optic (FO) umbilical that is configured to be physically coupled
to a surface component, and configured to unspool from the
torpedo as the torpedo advances in a wellbore of a hydrocarbon
well; and

an engine configured to generate thrust to propel the torpedo,

the control system configured to:
advance the torpedo in a first portion of the wellbore of the subterranean well;
and
activate the engine to gencrate thrust to propel advancement of the torpedo
within a second portion of the wellbore such that the FO umbilical is
disposed in the second portion of the wellbore.
24. The system of claim 23, wherein the control system is further configured to determine
that the torpedo has reached a trigger point within the wellbore, and
wherein the engine is activated to generate the thrust in response to determining that
the torpedo has reached the trigger point within the wellbore.
25. The system of claim 24, wherein the trigger point within the wellbore comprises a
predefined depth within the wellbore.
26. The system of claim 24, wherein the first portion of the wellbore comprises a vertical
portion of the wellbore and the second portion of the wellbore comprises a horizontal portion
of the wellbore, and wherein the trigger point within the wellbore comprises a point of
transition between the vertical portion of the wellbore and the horizontal portion of the
wellbore.
27. The system of any one of claims 23-26, wherein the engine comprises a solid propellant
fuel, and wherein activating the engine comprises activating an igniter of the engine to cause
combaustion of the solid propellant fuel to generate the thrust to propel the torpedo within the
horizontal portion of the wellbore.
28. The system of any one of claims 23-27, wherein the torpedo comprises a casing collar

locator (CCL) configured to sense collars within the wellbore, and wherein the control system
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is further configured to determine a location of the torpedo within the welibore based on a
location of a collar sensed by the CCL.

29. The system of any one of clairos 23-28, wherein the torpedo comprises a payload
COMPHISING a Sensos.

30. The system of claim 29, whercin the sensor compriscs a bottom-hole pressure (BHP)
sensor or a bottom-hole temperature (BHT) sensor.

31. The system of any one of claims 23-30, wherein the FO uambilical comprises a
distributed acoustic sensing (DAS) FO line.

32, The system of claim 31, wherein the control system is further configured to, suhsequent
to the torpedo coming to rest in a deployment location within the wellbore, conduct a seismic
opcration comprising sensing seismic events by way of the DAS FO line unspooied in the
welltbore.

33. The system of any one of clatmos 23-32, wherein the torpedo comprises a rudder
configured to steer advancement of the torpedo within the wellbore, wherein the control system
is further configured to steer the rudder to steer advancement of the torpedo within the wellbore.
34. The system of any one of claims 23-33, wherein the torpedo comprises a gimbal
mounted exhaust nozzle configured to steer advancement of the torpedo within the wellbore,
wherein the control system is further configured to steer the gimbal mounted exhaust nozzle to
steer advancement of the torpedo within the wellbore.

35. The system of any one of claims 23-34, wherein the control system is further configured
to steer the torpedo into a fateral bore of the welibore.

36.  Thesystem of any onc of claios 23-35, wherein the torpedo comprises a reverse thrust
system configured to generate reverse thrust to slow or stop forward advancement of the
torpedo within the wellbore, and wherein the control system is further configured to activate
the reverse thrust system to generate the reverse thrust to slow or stop forward advancement of
the torpedo within the wellbore.

37. The system of any one of claims 23-36, wherein the torpedo is configured to ransmit
data to a well conirol systera by way of the FO umbilical, or the well control system is

configured to transmit data to the torpedo by way of the FO umbilical.

&6

38. The system of any one of claims 23-37, further comprising:
a torpedo tree cap comprising:

a torpedo chamber configured to house the torpedo;

A6~
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a torpedo retainer configured to be moved into a closed position to retain the
torpedo within the torpedo chamber and to be moved into an open
position to release the torpedo from the torpedo chamber,

the torpedo configured o be positioned within the torpedo chamber with the torpedo
retainer in the closed position to retain the torpedo in the torpedo chamber,
the torpedo tree cap configured to be assembled to a wellhead of the hydrocarbon well,
and
the torpedo retainer configured to be opencd with the torpedo tree cap assembled to the
wellhead to release the torpedo from the torpedo chamber such that the torpedo
falls into a gravity-driven advancement in the first portion of the wellbore.
39. The system of claim 38, wherein the torpedo tree cap further comprises a torpedo tree

cap coramunication port counfigured to couple to an up-hole end of the FO umbilical.
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