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Description

PRIORITY

[0001] This application claims priority to U.S. Patent
Application Serial No. 17/457,007 filed on 30 November
2021, titled "Tunneling and Mining Method Using Pre-
Conditioned Hole Pattern".
[0002] U.S. Patent Application Serial No. 17/457,007
claims priority to the United States Provisional Patent
Application having Application Serial Number
63/120,108, filed 1 December 2020.
[0003] U.S. Patent Application Serial No. 17/457,007
also claims priority to the United States Patent Applica-
tion having Application Serial Number 17/096,435, filed
12 November 2020.
[0004] U.S. Patent Application Serial No. 17/457,007
also claims priority to the United States Patent Applica-
tion having Application Serial Number 17 /445,168, filed
16 August 2021.

BACKGROUND

[0005] US 4004642 A relates to a tround terra-drill
processes and apparatus; US 2016/362936 A1 relates
to a ram accelerator system with endcap; GB 1371297 A
relates to excavation of rock; and US 3623771 A relates
to a drill-and-blast excavating apparatus and method.
[0006] Traditional drilling, excavation, and tunneling
methods use drills or other boring tools, or in some cases
blasting operations, to penetrate through rock or other
types of geologic material. The advancement of amining
shaft, tunnel, or other type of borehole may be hindered
by characteristics of the geologic material, such as the
presence of hard rock. 15 Additionally, boring through
hard rock or other materials may cause breakage in an
uncontrolled manner, which may necessitate additional
operations to modify or maintain the shape of a shaft or
tunnel. Such operations may also cause the formation of
significant amounts of broken rock or other debris, which
must be transported away from a workface.

BRIEF DESCRIPTION OF FIGURES

[0007] The detailed description is set forth with refer-
ence to the accompanying figures.

FIG. 1 depicts an implementation of a system that
may be used for generally continuous tunneling,
boring, or mining operations.
FIG. 2 depicts an implementation of a method by
which projectiles may be moved from a chamber
used to house the projectiles into a barrel fromwhich
the projectiles may be accelerated toward a work-
face.
FIG. 3 depicts a top view of an implementation of a
system that includes additional assemblies for con-
veying debris and stabilizing a tunnel or shaft.

FIG. 4 depicts a perspective view of an implementa-
tion of a system that includes additional assemblies
for conveying debris and stabilizing a tunnel or shaft.
FIG. 5 is a series of diagrams depicting an imple-
mentation of a cutting tool that may be used in con-
junction with a ram accelerator assembly to extend a
shaft or tunnel using a combination of projectile
impacts and boring operations.
FIG. 6 is a diagram depicting a system for extending
a tunnel using multiple ram accelerator assemblies
in combination with the cutting surface of a cutting
tool.
FIG. 7 is a series of diagrams depicting example
implementations in which different numbers or con-
figurations of ram accelerator assemblies may be
used based on the characteristics of a workface, a
desired rate of penetration, or a desired shape of
penetration.
FIG.8A isadiagramdepictingaworkface inwhichan
outer region has been affected by one or more
projectile impacts, as illustrated by projectile paths,
while an inner region is not affected by projectile
impacts.
FIG.8B isadiagramdepictingaworkface inwhichan
inner region has been affected by one or more pro-
jectile impacts, as illustrated by projectile paths,
while an outer region is not affected by projectile
impacts.
FIG. 9 is a series of diagrams illustrating an imple-
mentation of a tunneling unit that may be used to
condition a surface and displace material from the
surface using a combination of water jets and ram
accelerator assemblies.
FIG. 10 is a diagram illustrating a perspective view of
the tunneling unit of FIG. 9 positioned to interact with
and form a tunnel within a workface, such as a rock
face or other type of material or surface.
FIG. 11A depicts a diagram in which a tunnel profile
for a tunnel may be formed using pre-conditioning
devices, while a projectile shot pattern may be used
to displace material to form a section of a tunnel
based on the tunnel profile.
FIG. 11B depicts a diagram in which a tunnel profile
for a tunnel may be formed using projectile impacts,
while a projectile shot pattern may be used to form
one or more voids within an enclosed region within
the tunnel profile to improve a rate of penetration of
tunneling operations.
FIG. 12 is a diagram illustrating an implementation of
interactions between projectiles accelerated using
ram accelerator assemblies and a preconditioned
portion of a tunnel.
FIG.13 isadiagramdepictingan implementationofa
system that includes multiple tunneling units.
FIG. 14 is a series of diagramsshowing front viewsof
an implementation of the first tunneling unit and
second tunneling unit of FIG. 13.
FIG. 15 is a diagram that depicts an example im-
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plementation inwhichafirst void, suchasahole, slot,
groove, sill, or other type of feature may be formed
near the base of a workface.
FIG. 16 is a diagram depicting an interaction be-
tween forces associated with a projectile impact
and one or more voids within a workface.
FIG.17 isadiagramdepictinguseof acoustic signals
generated by a projectile impact to determine char-
acteristicsof geologicmaterial,whichmaybeused to
control the firing parameters of a ram accelerator
assembly.
FIGS. 18A‑18Eare a series of diagramsdepicting an
implementation of a method for sequentially remov-
ing regions of geologicmaterial to form a section of a
tunnel using a combination of projectile impacts and
cutting tools.
FIG.19 isadiagramdepictingan implementationofa
system for selectively removing regions of geologic
material based on the characteristics of the geologic
material, such as to extract ore or another desired
material separately from waste or debris.

[0008] As used throughout this application, the word
"may" is used in apermissive sense (i.e.,meaninghaving
the potential to) rather than the mandatory sense (i.e.,
meaning must). Similarly, the words "include", "includ-
ing", and "includes" mean "including, but not limited to".

DETAILED DESCRIPTION

[0009] Described in this disclosure are techniques that
may enable generally continuous mining, tunneling, and
boring operations, which may improve efficiency over
conventional techniques. To weaken rock or other ma-
terial locatedataworkface, suchasat theendofashaft or
tunnel to beextended, projectiles areaccelerated into the
workface. In some implementations, a ram accelerator
assembly may use pressurized gas to accelerate the
projectiles using a ram effect caused by interaction be-
tween exterior features of the projectile and interior fea-
tures of a tube or other conduit of the ram accelerator
assembly. The accelerated projectiles may achieve a
high velocity that may enable the projectiles to break
or otherwise degrade the geologic material that is im-
pacted. By orienting the tube or other conduit through
which the projectiles are accelerated, the projectilesmay
be used to selectively contact particular portions of a
region of geologic material in a manner that improves
the rate of penetration of tools used to displace geologic
material, or in some cases the rate of penetration of
additional accelerated projectiles, and may control the
portions of geologic material that are broken by control-
ling the forces caused by cutting operations. For exam-
ple, a cutting tool, reaming tool, impact tool, or other type
of tool that may be used to displace geologic material, or
an additional projectile, may apply a compressive force
(e.g., a shockwave or impact wave) to a region of geo-
logicmaterial. The compressive forcemay interact with a

void created by a previous projectile impact, which may
define a free face that allows the shockwave from a
subsequent operation to be reflected (e.g., a rarefaction
wave). The resulting tension force may more readily
break rock or other geologic material, when compared
to use of compressive forces alone, improving the rate of
penetration of the subsequent projectile impacts or tun-
neling operations. Additionally, debris from the subse-
quent projectile impacts or tunneling operations may be
displaced into the voids formed by the first projectile
impact(s).
[0010] In some implementations, one or more projec-
tiles may be accelerated into contact with an interior
region of a workface, such as a central region enclosed
by a perimeter region. Interaction(s) between the projec-
tile(s) and the geologic material may displace the geo-
logic material to form voids. At a subsequent time, a
cutting tool, reaming tool, impact tool, or other type of
tool used to displace geologic material, or one or more
additional projectiles, may contact the workface, such as
to extend a shaft or tunnel. For example, an interaction
between a cutting tool or additional projectile(s) and the
geologic material would typically apply a compressive
force to the geologic material to displace the geologic
material at or near the point of contact. However, com-
pressive force(s) from the cutting tool or additional pro-
jectile(s) may interact with the void(s) formed using the
first projectile(s) to form a tension force. The resulting
tension force may more readily break rock or other geo-
logic material, with a greater rate of penetration when
compared to compressive forces alone. Debris from the
subsequent projectile impacts or tunneling operations
may be displaced into the voids formed by the first
projectile impact(s). In some implementations, a portion
of a conveying system, such as a collection plate or
conveyor belt, may be positioned in a void created by
an initial projectile impact to enable debris from subse-
quent projectile impacts or tunneling operations to fall
into contactwith the conveying system for transport away
from the workface.
[0011] In some implementations, a perimeter region of
the geologic material may be pre-conditioned by forming
one or more voids within the region. Pre-conditioning the
regionmay include use of one ormore projectile impacts,
or in some cases, a preconditioning tool such as a water
jet, drill, cutting tool, or other similar tools. For example,
the projectile impacts or other toolsmay formoneormore
voids that define a perimeter of a region of geologic
material. Subsequent projectile impacts or tunneling op-
erations that contact geologic material that is within the
perimeter may cause compressive forces, which interact
with thevoidsat theperimeter to form tension forces.Asa
result, the voids that define the perimeter may limit the
breakage of geologic material outside of the perimeter,
enabling the tunnel or shaft to be provided with a con-
trolled cross-sectional shape. Additionally, the formation
of voids at the perimeter of a region of geologic material
may improve the rate of penetration of subsequent pro-
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jectile impacts or tunneling operations due to the result-
ing tension forces more readily breaking rock or other
material when compared to compressive forces.
[0012] In some implementations, an impact between a
projectile and the geologic material may cause propaga-
tion of an acoustic signal through at least a portion of the
geologic material. An acoustic detector or other device
may be used to determine data indicative of the acoustic
signal, which may be analyzed, such as by using one or
more computing devices, to determine characteristics of
the geologic material based on transmission of the
acoustic signal. For example, the manner in which the
acoustic signal propagates through different regions of
geologic material may be used to determine a porosity,
hardness, or other characteristics of the geologic materi-
al. Based on the determined characteristics, one ormore
projectile characteristics or firing characteristics for a
subsequent projectile impact may be determined. For
example, to penetrate through hard rock, a projectile
having a steel body and tapered shape, or another type
of high-density body, may be used. As another example,
to penetrate through soft or porous material, a projectile
having a concrete body and a broader shape may be
used. The projectile may be accelerated using selected
types andquantities of propellantmaterials to provide the
projectilewitha target velocity. For example, accelerating
a projectile to a ram velocity using a pressurized gasmay
affect themanner inwhich the projectile interactswith the
workface and the shape of a crater that is formed, when
compared to an impact by a projectile having a lower
velocity. In some cases, based on the determined char-
acteristics of the geologic material, use of a projectile
impact may be omitted and one or more other cutting
tools, reaming tools, impact tools, or other tools to dis-
place geologic material may be used. For example, in
response to determining the presence of a soft or porous
material, such as sandstone, a cutting tool may be used
to displace the soft or porous material without use of a
subsequent projectile impact. In some cases, a cutting
toolmaybeused inconjunctionwithanacoustic sensor, a
time of flight sensor, one or more cameras, vibration
sensors associated with the cutting tool, or other types
of sensors, to determine characteristics of the geologic
material that is contacted using the cutting tool. For
example, the amount of debris produced during an inter-
action between a cutting tool and the geologic material
may indicate characteristics of the geologic material,
such as hardness or porosity. Based on the character-
istics determined using the sensor associated with the
cutting tool, the presence of hard rock or other similar
materialmay be determined, and a subsequent projectile
impact may be used to weaken the hard material. In
cases where material suitable for degradation using a
projectile impact is not detected, operation of the cutting
tool may continue without use of projectile impacts. In
caseswhere thepresenceof hardor non-porousmaterial
is determined, either using sensors associated with a
cutting tool or an acoustic signal generated by a previous

projectile impact, the number of projectile impacts used
and the locations of the projectile impacts may be deter-
mined based on characteristics of geologic material. For
example, projectile impacts may be selectively used to
target regions of hard rock or veins of ore to be extracted,
while regions of softer or more porous material may be
contacted with a cutting tool without first impacting those
regions with a projectile.
[0013] In some implementations, combinations of pro-
jectile impacts, pre-conditioning tools, and cutting, ream-
ing, impact, or other material displacement tools may be
used to sequentially remove different regions of geologic
material from a larger region. For example, at a first time,
one or more projectile impacts may be used to weaken a
first region of geologic material. Subsequent projectile
impacts or cutting tools may then be used to degrade or
displace geologic material from the first region, which
may be conveyed away from the workface. In some
cases, the void created by this operation may be used
to position a collection or conveying system to remove
debris, to place cutting tools, other types of material
displacement tools, or projectile launching systems into
the void, for subsequent operations, and so forth. At a
subsequent time, additional projectile impacts, cutting or
displacement tools, or both projectile impacts and cutting
or displacement tools may be used to remove a second
region of geologicmaterial adjacent to the void created at
the first time. This process may be repeated to sequen-
tially remove regions of geologic material until a space
having a desired shape is formed.
[0014] FIG. 1 depicts an implementation of a system
100 thatmay be used for generally continuous tunneling,
boring, or mining operations. The system 100 may in-
clude a plurality of vehicles or other types of assemblies
thatmaybemoved relative toaworkface, suchas theend
of a tunnel or shaft. In some implementations, each
assembly may be moved separately from other assem-
blies. Additionally, in some implementations, each as-
sembly and the operation thereof may be controlled
remotely, such as through use of one or more computing
devices located remote from a site where a tunneling,
boring, or mining operation is performed. Computing
devices may communicate with controllers that are as-
sociated with various components of the system 100,
such as to cause acceleration of projectiles into a work-
face, actuation of a cutting tool, collection of debris, and
so forth.
[0015] A first assembly of the system 100 may include
a ram accelerator assembly 102. The ram accelerator
assembly 102 may be used to accelerate projectiles into
a workface, such as the end of a tunnel or shaft to be
extended. The ram accelerator assembly 102 may in-
clude one or more chambers for containing projectiles
and propellant materials. For example, a first chamber
may include a combustible material, such as diesel fuel,
natural gas, or other types of material that may be ignited
to apply a force to aprojectilewithin a second chamber. In
other implementations, the propellant material may in-
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clude one or more gas generating materials. In still other
implementations, the propellant material may include
one or more explosive materials. In some implementa-
tions, a system may include equipment for performing
highpressureelectrolysis to createhydrogenandoxygen
for use accelerating projectiles, reducing or eliminating
theneed to supply a ramaccelerator assembly 102with a
separate source of propellant material. In some cases,
multiple types of propellant materials may be used in
different portions of the ram accelerator assembly 102,
such as a combination of diesel and air in a first portion
and a combination of diesel and natural gas in a second
portion. Independent of the source(s) or type(s) of pro-
pellantmaterial used, the propellantmaterialmay apply a
force to one or more projectiles to accelerate the projec-
tile(s) toward a workface. In some implementations, in-
teractions between the projectile, force from the propel-
lantmaterial, and features of a tube or other portion of the
ramaccelerator assembly 102,may impart a rameffect to
theprojectile. For example, interior bafflesor railswithin a
tube of the ram accelerator assembly 102, in conjunction
with the exterior features of a projectile, may enable
pressurized gas to accelerate a projectile using a ram
effect by accumulating pressure behind the projectile
while interactions between the projectile and tube resist
movementof theprojectile. In some implementations, the
projectile may achieve a ram velocity prior to exiting the
ram accelerator assembly 102 and contacting a work-
face. In other implementations, the ram accelerator as-
sembly 102 may not necessarily impart a ram effect to a
projectile or cause theprojectile toachievea ramvelocity.
Additionally, while the ram accelerator assembly 102 is
described using the term "ram accelerator", a rail gun,
gas gun, or other method of providing force to projectiles
may also be used.
[0016] Theprojectilesmayhaveanyshapeanddimen-
sions and may be formed from any type of material. In
some implementations, the projectiles may be formed
from concrete, which may conserve cost and enable
efficient construction of projectiles compared to other
materials. In other implementations, the projectiles
may be formed from steel or another high-density mate-
rial, which may facilitate penetration of the projectile(s)
into aworkface. In some implementations, the projectiles
may have a wedge or tapered shape to facilitate pene-
tration into a workface. In other implementations, the
projectiles may have broad shapes, such as a cylindrical
shape, which may cause a greater amount of force to be
applied to a surface of the workface.
[0017] In some implementations, the ram accelerator
assembly 102 may be moved toward and away from a
workface via one or more rails 104, which may be en-
gaged to the ram accelerator assembly 102 using one or
more guides 106. In other implementations, the ram
accelerator assembly 102maybemoved toward or away
from a workface using wheels, tracks, treads, and so
forth. For example, a trailer or other type of vehicle may
be used to transport the ram accelerator assembly 102

withina tunnel or shaft. In some implementations, the ram
accelerator assembly102maybearticulated, aimed,and
so forth to causeprojectiles to impactoneormoredesired
locations on a workface. For example, interactions be-
tween a projectile and the workface at selected locations
may pre-condition theworkface to increase the efficiency
of subsequent tunneling operations and control the
shape of the tunnel created by the subsequent tunneling
operations. Continuing the example, use of one or more
projectile impacts to formacentral hole inaworkfaceat or
near a location where a tunnel will be extended may
create a free face that allows shockwaves from subse-
quent projectile impacts or use of tunneling tools to be
reflected in a manner that enables more effective pene-
tration throughmaterials andmore effective control of the
resulting shape of the tunnel. For example, after a central
hole is formed in a region of a workface, interactions
between a compressive force fromsubsequent tunneling
operations may interact with the central hole to cause a
tension force thatmay break or degrade geologicmateri-
al more efficiently than compressive forces alone. Addi-
tionally, debris from subsequent tunneling operations
may fall into the void created by the initial projectile
impact(s). In other implementations, other patterns of
holes may be formed in the workface to weaken the
workface and improve the rate of penetration using a
tunneling tool, and to control the resulting shape of a
tunnel. For example, a group or cluster of holes within a
central region of a workfacemay be formed rather than a
single hole. In other implementations, one or more voids
may be formed near the perimeter of a desired region of
geologic material to limit breakage of material outside of
the perimeter while also improving the rate of penetration
by causing tension forces in response to the compressive
forces of subsequent operations. Independent of the
locations of the holes formed in the workface, the holes
may provide free faces that are impacted by shockwaves
from subsequent projectile impacts or tunneling opera-
tions, whichmay improve the efficiency at whichmaterial
is displaced from the workface and control the shape of
the resulting tunnel.
[0018] Interactionsbetweenaworkfaceandprojectiles
that are accelerated using the ram accelerator assembly
102 may at least partially crack, weaken, break, or pul-
verize rock or other material at the workface. In some
cases, interactions between a workface and one or more
projectiles may form one or more voids within the geo-
logic material. As described previously, in some imple-
mentations, the ram accelerator assembly 102 may be
selectively aimed or otherwise positioned to impact a
particular portion of a workface. A reaming tool 108
may thenbe used to extendahole created by aprojectile,
suchasby removingmaterial fromandaround theareaof
the workface affected by the impact, or by contacting
other areas of the workface. While FIG. 1 depicts a
reaming tool 108, in other implementations, other types
of cutting tools, impact tools, or tools for displacing geo-
logic material may be used. In some implementations,
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the reaming tool 108 may include a roadheader tool,
which may scale and muck rock or other material that
has been affected by a projectile impact. The reaming
tool 108may be associatedwith a boring assembly of the
system100,which in some implementationsmay include
a vehicle that is separate from the ram accelerator as-
sembly 102. In other implementations, the reaming tool
108 may be associated with the same vehicle or other
type of assembly as the ram accelerator assembly 102
and positioned relative to the ram accelerator assembly
102 such that the reaming tool 108may contact a portion
of a workface after a projectile impact. For example, the
reaming tool 108 may be used to smooth or extend the
edges of a crater created by an interaction between a
projectile and the workface. A region of geologicmaterial
that is weakened by an impact with one or more projec-
tiles may be considerably easier to remove using me-
chanical energy, such as the rotational movement or
other movement of a cutting head on the reaming tool
108, when compared to conventional boring using rota-
tional movement of a drill or other type of reamer. For
example, the compressive forces from the cutting tool
may interactwith oneormorevoids to form tension forces
that may pull or break geologic material more efficiently
than compressive forces alone. Therefore, the wear on
the cutting head of the reaming tool 108 and themechan-
ical rotational energy needed to removematerial may be
lower than the wear and energy associated with conven-
tional boring operations. Additionally, as described pre-
viously, the shape of portions of material that are re-
moved from a workface may be controlled based on
the location of holes or other weakened areas created
using projectile impacts.
[0019] In some implementations, the reaming tool 108
maybemoved, oriented, aimed, and so forth, to contact a
selected portion of a workface. For example, after a
projectile from the ram accelerator assembly 102 has
impacted a first region of geologic material, the reaming
tool 108may be oriented such that a cutting head thereof
contacts either the sameportion of the workface that was
impacted by the projectile, or a second portion of the
geologic material that encloses the first portion. Continu-
ing the example, FIG. 1 depicts the reaming tool 108
associatedwith a boom110 that is in turn associatedwith
a pivoting or articulating joint 112. The articulating joint
112may enable the cutting surface(s) of the reaming tool
108 to be raised, lowered, and in some cases, moved in
one or more lateral directions. In some implementations,
the boom 110 may be extended and retracted (e.g.,
telescopically) to position the cutting surface(s) of the
reaming tool 108 farther from or closer to the workface.
The reaming tool 108may also bemoved toward or away
from a workface using motive force. For example, the
reaming tool 108may includewheels 114, treads, tracks,
or other structures to facilitatemovement thereof. In other
implementations, the reaming tool 108 may be engaged
with rails, tracks, or other similar structures. While FIG. 1
depicts a single reaming tool 108, in other implementa-

tions,multiple reaming tools 108maybeused to extend a
shaft or tunnel. The multiple reaming tools 108 may be
associated with a single vehicle or boring assembly, or
with multiple vehicles or assemblies. For example, multi-
ple reaming tools 108 may be used to simultaneously
bore through the sameor different portions of aworkface,
such as to remove a large block of material from a work-
face.
[0020] In some implementations, a combination of
projectile impacts and reaming tools 108, or other types
of tools, may be used to create a hole having dimensions
larger than those of the reaming tool 108 or other equip-
ment used to forma shaft or tunnel. For example, the ram
accelerator assembly 102 may accelerate projectiles at
an angle that is not parallel to the longitudinal axis of the
tunnel or shaft, and the reaming tool 108 may be posi-
tioned todisplacematerial from locations impactedby the
projectiles. As a result, a hole having larger dimensions
than the assemblies used to form the hole can be created
without requiring conventional over-reamer mechanical
systems.
[0021] A third assembly associated with the system
100may include a collection system for collecting, trans-
porting, displacing, or otherwise removing debris created
by projectile impacts and by operations performed using
the reaming tool 108 from the workface. In some imple-
mentations, a collectionplate116maybeassociatedwith
the collection assembly that includes the reaming tool
108. For example, FIG. 1 depicts a collection plate 116 as
a ramp,platform,or similar structurepositionedbelow the
reaming tool 108 in a position proximate to the ground
beneath the reaming tool 108. The collection plate 116
may catch or collect rock debris and other material from
the workface created due to interactions between the
workface and projectiles or the reaming tool 108. For
example, the collection plate 116 may extend at a down-
ward angle from the reaming tool 108 to contact or be
positioned close to a floor of a shaft or tunnel, such that as
the reaming tool 108 is advanced toward the workface,
the collection plate 116 is advanced beneath debris or
into debris that has fallen along the floor of the shaft or
tunnel. In some implementations, the collection plate 116
may include an extension, arm, or other feature for re-
moving rock or other material from the path of the boring
assembly that includes the reaming tool 108, or other
vehicles or assemblies, such as by leaving an undercut
portion of a tunnel or shaft, which may prevent damage
to components of the system 100. In some implementa-
tions, the collection plate 116 may be movable in vertical
directions, such as to position the collection plate 116
closer to a floor of a shaft or tunnel, or to raise the
collection plate to cause movement of collected debris
toward a guide ramp 118 located behind the collection
plate 116. For example, one or more joints 112 may also
enable movement of the collection plate 116. In some
implementations, the collection plate 116 may also be
movable in one or more lateral directions. Additionally, in
some implementations, the collection plate 116 may be
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movable inward or outward relative to the boring assem-
bly that includes the reaming tool 108, such as through
use of a boom 110 or another type of telescoping mem-
ber. Movement of the boring assembly that includes the
reaming tool 108 and collection plate 116 in a forward
direction, such as through use of the wheels 114 or a
similar member, may also be used to move the collection
plate 116 closer to debris associated with a workface. In
some implementations, the collection plate 116 or other
portion of the collection system may be movable into a
void created within geologic material by a projectile im-
pact. Subsequently, when the reaming tool 108 or a
subsequent projectile impact is used to extend a shaft
or tunnel, debris from the resulting interaction may fall
toward the collection plate 116 for transport away from
the workface.
[0022] Movement of the collection plate 116maymove
debris collected by the collection plate 116 toward the
guide ramp 118. In some implementations, at least a
portion of the collection plate 116 or guide ramp 118
may include a conveyor belt or other mechanism for
imparting motive force to debris. In other implementa-
tions, one or more of the collection plate 116 or guide
ramp 118 may be pivotable to shift debris away from the
collectionplate 116and toward theguide ramp118. In still
other implementations, forward movement of the ream-
ing tool 108may function tomovedebris toward theguide
ramp 118. In yet other implementations, the reaming tool
108, itself, or one or more arms associated with the
collection plate 116 may be used to sweep debris and
othermaterials into theconnectionplate116, and in some
cases toward the guide ramp 118. For example, the
collection plate 116 may be associated with a wheeled
or tracked system that is movable toward and away from
a workface.
[0023] To facilitate removal of debris away fromawork-
face, a collection trailer 120 or other type of movable
receptacle may be positioned proximate to a rear end of
theguide ramp118.Thecollection trailer 120may include
a chute, trough, guide, or other similar structure that may
be used to collect debris from the guide ramp 118. In
some implementations, the chute, trough, or guide of the
collection trailer 120 may impart motive force to debris,
such as through use of a conveyor belt or similar device.
For example, motive force associated with the collection
trailer 120 may be used to move debris away from a
workface and toward an entrance of a tunnel or shaft. In
other implementations, the collection trailer 120 may be
pivotable or angled to urge debris away from a workface
using gravity. In still other implementations, the collection
trailer 120maybe removed fromaworksite usingwheels,
tracks, rails, or other mechanisms for enabling move-
ment of the collection trailer 120, to enable the collection
trailer 120 tobeemptiedand returned,or replacedwithan
additional collection trailer 120. In some implementa-
tions, the collection trailer 120 may be positioned behind
the boring assembly that includes the reaming tool 108,
and one or more protruding or overhanging portions

extending from the collection trailer 120 may be posi-
tionedabove the reaming tool 108, collectionplate116, or
guide ramp 118, which may protect components thereof.
[0024] WhileFIG. 1 depicts the collection plate 116and
guide ramp 118 associated with the same assembly that
includes the reaming tool 108, in other implementations,
the collection plate 116 and guide ramp 118 may be
associated with a separate assembly. Additionally, while
FIG. 1 depicts the collection trailer 120 as a separate
assembly from the collection plate 116 and guide ramp
118, in other implementations, the collection trailer 120,
or another type ofmovable receptacle,may be part of the
same assembly as the collection plate 116 and guide
ramp118. Any combination of the components described
with regard to FIG. 1 may be combined in any number of
assemblies. For example, the ram accelerator assembly
102 may be engaged with the collection trailer 120, the
boring assembly that includes the reaming tool 108, or
may be part of a separate assembly that is disconnected
from the boring assembly and the collection trailer 102.
As such, while FIG. 1 depicts the ram accelerator as-
sembly 102, reaming tool 108, and collection trailer 120
asdiscrete components, in various implementations, one
or more of the components may be engaged with one
another. For example, the reaming tool 108may includea
motor or other source of motive force andmay be used to
pull one or more of the collection trailer 120 or the ram
accelerator assembly 102. In other cases, the ram accel-
erator assembly 102 and collection trailer 120 may be
separate from the reaming tool 108 and may be asso-
ciatedwith a vehicle, amotor, or another source ofmotive
force.
[0025] The system 100 shown in FIG. 1 may enable
efficient and generally continuous boring operations by
using accelerated projectiles from one or more ram ac-
celerator assemblies 102 to at least partially weaken a
working face. Then, a reaming tool 108 or subsequent
projectile impacts may be used to remove debris from an
area of the workface. For example, compressive forces
associated with use of the reaming tool 108 or a subse-
quent projectile impact may interact with one or more
voids created by one or more first projectile impacts to
create tension forces, which may more efficiently dis-
place geologic material when compared to use of com-
pressive forces alone. A collection assembly and collec-
tion trailer 120 may be used to remove debris from
proximate to the workface while operation of the ram
accelerator assembly 102 and reaming tool 108 is per-
formed. For example, aportionof the collectionassembly
may be positioned within a void created by a projectile
impact to enable debris from use of a reaming tool 108 or
subsequent projectile impact to fall toward the collection
assembly.
[0026] While FIG. 1 depicts a single ram accelerator
assembly 102, reaming tool 108, and collection trailer
120, in other implementations, an autonomous fleet that
includesmultiple vehiclesmaybeused tomoreefficiently
bore through a single workface. Additionally, multiple
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fleets of vehicles at multiple worksites may be coordi-
nated remotely. For example, one or more of the ram
accelerator assembly 102, reaming tool 108, or collection
trailer 120 may be operated remotely or autonomously,
without requiring personnel at a worksite.
[0027] In some implementations, the ram accelerator
assembly 102 may be selectively used to bore through
hard rock and similar materials, while the reaming tool
108 or other type of material displacement tool may be
used independent of the ram accelerator assembly 102
to displace softer materials, such as sand or lower
strength rock. For example, an acoustic signal caused
by a projectile impact may be detected using an acoustic
detector, and data representing the acoustic signal may
be analyzed to determine characteristics of the geologic
material based on the manner in which the acoustic
signal propagates through the geologic material. Con-
tinuing the example, data based on the acoustic signal
may be used to determine a hardness or porosity of
particular regions of geologic material, such as locations
that include hard rock, locations that include softer ma-
terial such as porous sandstone, locations that include
veinsof ore,water, or othermaterials, andso forth.Based
on the determined characteristics of the geologic materi-
al, projectiles from the ram accelerator assembly 102
may selectively be used to impact particular locations
within the geologic material, and in some cases, use of
the ram accelerator assembly 102 may be omitted and
the reaming tool 108 may be used without use of pro-
jectile impacts, such as when geologic material having a
hardness or porosity less than a threshold is determined.
[0028] In some implementations, use of the ram accel-
erator assembly 102 and reaming tool 108 selectively, to
maximize one or more of stability (e.g., integrity of the
walls or ceiling of a tunnel or shaft), speed, or costmaybe
controlled remotely or autonomously. Additionally, in
some implementations, unintentional accelerationof pro-
jectiles by the ram accelerator assembly 102 or accel-
eration of projectiles by the ram accelerator assembly
102 thatmay not be beneficial may be prevented through
use of one or more computing devices or other autono-
mous controls. For example, a controller associated with
ram accelerator assembly 102may be configured to only
cause the ram accelerator assembly 102 to accelerate
projectiles when a "heart-beat" signal has been received
from a computing device. In some implementations, a
computing device or controller associated with the ram
accelerator assembly 102 may be provided with one or
more criteria, such as pressure, temperature, inclination,
magnetic characteristics, characteristics of geologic ma-
terial determined based on an acoustic signal, or other
types of digital or mechanical measurements. The ram
accelerator assembly 102may be prevented from actua-
tion (e.g., accelerationofprojectiles to impactaworkface)
if selected criteria are not met, or prevented from actua-
tion if certain criteria are present, which may prevent
acceleration of projectiles if the ram accelerator assem-
bly 102 is not in a proper location or if use of projectile

impacts may not provide a significant benefit. For exam-
ple, a safety interlock or other type ofmechanismmay be
used to prevent acceleration of a projectile if one or more
cameras or other types of sensors detects a human,
animal, other equipment such as debris-removal equip-
ment, and so forth within a threshold distance of the ram
accelerator assembly 102. In some implementations, the
ram accelerator assembly 102 may be associated with
accelerometers, laser ring gyros, a GPS, radio guidance
systems, imaging systems (e.g., optical systems, cam-
eras, etc.), and so forth, to enable a remote user or
autonomous system to determine an optimal time to
accelerate a projectile, and to aim the accelerated pro-
jectile at a particular portion of a workface. Use of com-
puter-controlled components may improve accuracy
when the ram accelerator assembly 102 is used, such
as enabling a projectile to accurately impact a workface
even while portions of the system 100 are moving.
[0029] In some implementations, an acoustic signal
generated by an impact between a projectile and a work-
facemay be used control the direction and rate inwhich a
tunnel or shaft is extended. For example, a tunnel or shaft
maybepreferentially extended toward rock havinggreat-
er porosity or a lower density or hardness to facilitate
faster boring operations, toward or away from subterra-
nean water, and so forth.
[0030] FIG. 2 depicts an implementation of a method
200 by which projectiles 202 may be moved from a
chamber 204 used to house the projectiles 202 into a
launch tube or other type of barrel 206 from which the
projectiles 202 may be accelerated toward a workface.
Impacts 208 between a projectile 202 and a workface
may create a fluid flow 210 that causes movement of
other projectiles 202 from the chamber 204 toward the
barrel 206. Impacts 208 between the projectile 202 and
the workface may also create a void that may affect
compressive forces associated with subsequent tunnel-
ing operations or projectile impacts 208, such as by
controlling the portions of the workface that are affected
and increasing the rate of penetration of subsequent
operations. Additionally, as described previously, in
some implementations, impacts 208 between the pro-
jectile 202 and the workface may create an acoustic
signal which may propagate through the geologic mate-
rial, and data representing the acoustic signal may be
acquired and used to determine characteristics of the
geologic material. Characteristics of subsequent tunnel-
ing operationsmay be selected based on the determined
characteristics of the geologic material.
[0031] Specifically, FIG. 2 depicts an impact 208 be-
tween a first projectile 202(1) and a workface, whichmay
create a fluid flow 210, in which fluid is directed toward an
opening in the barrel 206 fromwhich the projectile 202(1)
exited. The fluid flow 210 may move a second projectile
202(2) from a position in front of the chamber 204 toward
the front of the barrel 206, as indicated by an arrow
representing the movement 212 of the second projectile
202(2). The movement 212 of the fluid and second pro-
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jectile 202(2) may seat the second projectile 202(2) with-
in the barrel 206, such that one or more seals 214
associated with the projectile 202(2) engage the inner
diameter of the barrel 206. In some implementations, a
locking mechanism, such as a snap ring or other type of
movable or expandable portion of the projectile 202 may
engage a portion of the inner diameter of the barrel 206 in
addition to or in place of the seals 214. For example, the
interior of the barrel 206 may include interior features,
such as baffles, rails, and so forth, and one ormore of the
seals 214 or a locking mechanism may interact with the
interior features of the barrel 206 to retain the projectile
202 in a particular position within the barrel 206. In some
implementations, the seals 214 or a locking mechanism
of the projectile(s) 202 may also engage the inner dia-
meter of the chamber 204 when the projectile(s) 202 are
positioned therein. After the second projectile 202(2) is
seated in thebarrel 206, actuationof apropellantmaterial
within the barrel 206 may accelerate the second projec-
tile 202(2) toward the workface to generate an impact
208, which may in turn cause fluid flow 210 to facilitate
movement of an additional projectile 202 into the barrel
206. In some implementations, the fluid flow 210 may
cause a flapper valve or other type of closuremechanism
associatedwith the chamber 204 or barrel 206 to close to
prevent excess fluid, debris, or air from entering the
chamber 204 or barrel 206. In other implementations,
the pressure and movement of fluid within the barrel 206
may prevent debris from entering the chamber 204 in-
dependent of the use of a closure mechanism.
[0032] WhileFIG.2depictsan implementation inwhich
fluid flow 210 moves projectiles 202 toward a front of the
barrel 206, in other implementations, projectiles 202may
be moved toward a back end of the barrel 206, or a side
opening of the barrel 206 (e.g., breech loading). Addi-
tionally, while FIG. 2 depictsmovement of projectiles 202
from a chamber 204 to a barrel 206, in other implementa-
tions, a slurry of projectiles 202 may be pumped through
tubes toward the barrel 206 of the ram accelerator as-
sembly 102. In still other implementations, one or more
projectiles 102 may be generated on-site. For example,
the ram accelerator assembly 102 or another assembly
associatedwith thesystem100mayfill aplastic container
or other type of container with concrete, another curable
material, or a dense liquid, and the filled containermaybe
used as a projectile 202. Additionally, in some implemen-
tations, to facilitate movement of a projectile 202 into the
barrel 206, a vacuumor other type of pressure differential
may be created within the barrel 206, such that pressure
outside of the barrel 206 that is greater than the pressure
inside the barrel 206 causes projectiles 202 to move
toward and into the interior of the barrel 206. A pressure
differential within the barrel 206 may be used to move
subsequent projectiles 202 toward thebarrel 206 in place
of or in addition to fluid flow210 fromprojectile impacts or
other external forces that move a projectile 202 into the
barrel 206. In other implementations, one or more pro-
jectiles 202 may be loaded into the barrel 206 through a

side opening (e.g., breech-loaded) in addition to or in
place of entry of projectiles 202 through an end opening
of the barrel 206. Additionally, in some implementations,
mechanical elements, such as rods, cables, coils, and so
forth may be used to move projectiles 202 into the barrel
in addition to or in place of use of a pressure differential
due to fluid movement.
[0033] In some implementations, one or more of the
projectiles 202 may include a tapered tip 216 to facilitate
penetration into a workface. Projectiles 202 may also
include a generally cylindrical body 218, and a rear face
220 that facilitates acceleration of the projectile 202 and
reduces drag. In some implementations, characteristics
of the projectiles 202, such as exterior features of the
body 218 of a projectile 202, may interact with character-
istics of the barrel 206 to produce a ram effect as the
projectile(s) 202 are accelerated through the barrel 206.
In some implementations, the projectile 202 may be at
least partially consumed or degraded by passage
through the ramaccelerator assembly 102. For example,
at least a portion of the projectile 202 may include alu-
minum or another material that interacts with air or high
temperatures within the ram accelerator assembly 102
which may consume or degrade one or more portions of
the projectile 202. Additionally, in some implementations,
the projectile 202 may include explosive or impact-sen-
sitive materials that generate a force in response to
impact between the projectile 202 and a workface, which
may increase the amount of material displaced by the
impact of the projectile 202.
[0034] In some implementations, one or more of the
ram accelerator assembly 102, reaming tool 108, or
collection trailer 120 may be operated under a gas or
liquid pressure, such as under water, within drilling mud,
or in pressurized air, whichmay increase the buoyancy of
debris and conveyance of the debris away from thework-
face. Increased pressure may also facilitate the stability
of a tunnel or shaft, reducingoreliminatinganeed for rock
bolting or other types of ground support. For example,
rock and other materials may be more buoyant when
submerged in water, drilling mud, or pressurized air,
which may enable components of an assembly for con-
veying debris away from a workface to be lighter and to
operate using less force and energy. Additionally, opera-
tion of portions of the system 100 within a fluid may
reduce or eliminate the need to empty a tunnel of water.
Reducing or eliminating the need for water discharge
operations may increase efficiency and lower costs re-
lated to the extension of a tunnel or shaft. Further, the
system100may be used in a sloped area (e.g., an incline
or a decline), to extend a horizontal tunnel or shaft, or to
extend a curved tunnel or shaft. Use of projectiles 202
acceleratedusing the ramaccelerator assembly102may
enable projectiles 202 to accurately impact a targeted
location even when used under pressure, within a fluid,
and so forth. For example,while a projectile 202may lose
velocity when traveling through certain media, a projec-
tile 202 accelerated using a ram accelerator assembly
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102 may maintain sufficient velocity to accurately impact
a target.
[0035] In some implementations, tunnel stabilization
mechanisms, such as a rock bolting tool for placing rocks
bolts, nails, or other stabilizing structures into a wall of a
tunnel, a shotcreting tool for providing concrete, mortar,
or other materials to a tunnel wall, or other types of tools
may be incorporated into one or more of the ram accel-
erator assembly 102, reaming tool 108, or collection
trailer 120. Use of bolting and shotcreting tools, or other
types of tunnel stabilization mechanisms, may allow a
continuous mining, tunneling, or boring operation to be
performed by enabling stabilization and ground support
processes to be performed at least partially simulta-
neously with the acceleration of projectiles, boring of a
tunnel or shaft using a reaming tool 108, and removal of
debris using the collection plate 116 and other portions of
the collection assembly.
[0036] For example, FIG. 3 and FIG. 4 depict example
systems 300, 400, in which the collection trailer 102
includes amuck conveyor 302 used tomove debris away
from a workface, and a shotcrete crawler 304 and nai-
ling/bolting crawler 306 engaged with guided structures
above the muck conveyor 302. The muck conveyor 302
may include a chute, ramp, or other structure for guiding
debris away from a workface. In some implementations,
the muck conveyor 302 may include a conveyor belt or
other system for providing motive force to debris. The
shotcrete crawler 304 and nailing/bolting crawler 306
may perform stabilizing operations within a tunnel or
shaft as the collection trailer 120 is advanced within
the tunnel or shaft. Specifically, thenailing/boltingcrawler
306 may be used for bolting operations, while the shot-
crete crawler 304may be used to providemortar or other
stabilizing materials within the tunnel. While FIG. 3 and
FIG. 4 depict the shotcrete crawler 304 and nailing/bolt-
ing crawler 306 being associated with an assembly for
removal of debris from a workface, in other implementa-
tions, the shotcrete crawler 304, nailing/bolting crawler
306, or other tools or assemblies may be associated with
the ram accelerator assembly 102, the assembly that
includes the reaming tool 108, or separate assemblies or
vehicles. In some cases, debris or other materials cre-
ated by a projectile impact and removed from a shaft or
tunnel may be used to form materials for use by the
shotcrete crawler 304 to add structural integrity to the
saft or tunnel. For example, pulverized debris may be
used in combinationwithabinder, suchascement, or one
or more additional materials, such as fiberglass, steel, or
other structuralmaterials, to provide structural integrity to
a section of shaft or tunnel.
[0037] FIG. 5 is a series of diagrams 500 depicting an
implementation of a cutting tool 502 that may be used in
conjunction with a ram accelerator assembly 102 to ex-
tend a shaft or tunnel using a combination of projectile
impacts and boring operations. In some implementa-
tions, the cutting tool 502 may include a drill bit, such
as a rock bit, coring bit, or other type of drill bit having one

or more cutting elements that are brought into contact
with rock or other material, and that cut or displace the
material through rotation of the drill bit. For example, the
cutting tool 502 is shown having a generally cylindrical
body with a cutting surface 504 at an end thereof. The
cutting surface 504 may include one or more cutting
elements that cut, ream, or otherwise displace rock or
other material adjacent to the cutting surface 504 as the
cutting surface 504 is rotated. The cutting surface 504
may also include one or more orifices through which
projectiles 202 may be accelerated into contact with a
workface adjacent to the cutting surface 504. For exam-
ple, one ormore ramaccelerator assemblies 102may be
incorporated within the body of the cutting tool 502. The
placement of theorificesand ramaccelerator assemblies
102 may be used to pre-condition a workface to enable
more efficient penetration by the cutting surface 504 and
control the shape of the resulting tunnel or shaft. For
example, the orifices and ram accelerator assemblies
102 may be positioned to cause a central hole to be
formed in a first region of geologic material prior to con-
tact with the cutting surface 504. The cutting surface 504
may contact the first region of geologic material after the
projectile impact, or in some cases, the cutting surface
504 may contact a second region that encloses the first
region. Compressive forces associated with the cutting
surface 504 may interact with a void created by the
projectile impact to form tension forces, improving the
rate of penetration of the cutting surface 504 through the
geologic material, while controlling the breakage of the
geologic material. In other implementations, a cluster or
pattern of holes around a central region of the workface
where the cutting surface 504will extend a tunnel or shaft
may be formed in addition to or in place of a central hole.
In still other implementations, other placements of holes
may be used. Independent of the location of the holes,
each hole may provide one or more free faces that may
reflect, redirect, or otherwise interact with shockwaves
caused by subsequent projectile impacts or tunneling
operations, which may improve the rate at which opera-
tions may penetrate through material of a workface and
control the shape of a resulting tunnel or shaft.
[0038] FIG. 5 depicts a diagrammatic front view of the
cutting surface 504 in which a series of orifices through
which accelerated projectiles 202 may pass through the
cutting surface 504. In some implementations, each or-
ificemay be associated with a ram accelerator assembly
102. In other implementations, a single ram accelerator
assembly 102 may be configured to accelerate projec-
tiles 202 through multiple orifices. For example, a ram
accelerator assembly 102 or the cutting surface 504may
be movable to align different orifices with the ram accel-
erator assembly 102.
[0039] In the example implementations shown in FIG.
5, a series of radial projectile orifices 506 are generally
evenly spaced about a circumference of the cutting sur-
face 504. The cutting surface 504 is shown including an
outer ring of eight radial projectile orifices 506 and an
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inner ring of eight radial projectile orifices 506 positioned
inward relative to theouter ring.Thecuttingsurface508 is
also shown including two central projectile orifices 508,
which in some implementations may have a larger dia-
meter than those of the radial projectile orifices 506. For
example, projectiles 202 accelerated through the central
projectile orifice(s) 508 may have one or more dimen-
sions greater than projectiles 202 accelerated through
the radial projectile orifice(s) 506.
[0040] In some implementations, the particular orifices
through which projectiles 202 are accelerated may be
selected based on the characteristics of the material
through which the cutting tool 502 is penetrating, the
direction in which a tunnel or shaft is extended, the rate
at which it is desired to extend a tunnel, and so forth.
[0041] For example, FIG. 6 is a diagram 600 depicting
a system for extending a tunnel 602 using multiple ram
accelerator assemblies 102 in combination with the cut-
ting surface504of a cutting tool 502. InFIG. 6, thebodyof
the cutting tool 502 is not shown to enable visualization of
the position of the cutting surface 504 and ram accel-
erator assemblies 102. FIG. 6 depicts four ram accel-
erator assemblies 102 arranged in a row. In some im-
plementations, the cutting surface 504 may rotate rela-
tive to the ram accelerator assemblies 102, and when
orifices in the cutting surface504are alignedwith the ram
accelerator assemblies 102, at least a portion of the ram
accelerator assemblies 102 may be actuated to accel-
erate one or more projectiles 202 through the orifices.
[0042] FIG. 6 depicts one or more additional vehicles
604 associated with the cutting tool 502 and ram accel-
erator assemblies 102. For example, the ramaccelerator
assembly 102 may be advanced through the tunnel 602
using wheels 114, tracks, rails, and so forth, and the
vehicles 604may similarly includewheels 114 or another
mechanism for advancement through the tunnel 602. In
some cases, the vehicles 604 may be associated with
assemblies that support use of the cutting tool 502 or ram
accelerator assemblies 102, such as assemblies that
provide projectiles 202 and propellant materials into
the ram accelerator assemblies 102. Additionally, in
some cases, the vehicles 604 may be associated with
assemblies for collecting and removing debris created by
interactions between the cutting surface 504 or the pro-
jectiles 202 and a workface.
[0043] In some implementations, the specific ram ac-
celerator assemblies 102 that are actuated may be se-
lected based on a desired direction inwhich to extend the
tunnel 602. For example, repeatedly accelerating pro-
jectiles 202 toward one side of the cutting surface 504
may cause the tunnel 602 to be extended in an opposing
direction due to the force exerted by the acceleration of
the projectiles 202 and the interaction between the pro-
jectiles 202 and one side of the tunnel 602. In other
implementations, the specific ram accelerator assem-
blies 102 that are actuated may be selected based on
the characteristics of the material through which the
cutting surface 504 is penetrating, a desired rate of

penetration, and so forth. For example, a smaller number
of ram accelerator assemblies 102, and in some cases
zero ramaccelerator assemblies102,maybeactuatedat
times when a sufficient rate of penetration may be
achieved using the cutting tool 502.
[0044] FIG. 7 is a series of diagrams 700 depicting
example implementations in which different numbers or
configurationsof ramaccelerator assemblies102maybe
used based on the characteristics of a workface, a de-
sired rate of penetration, or a desired shape of a resulting
shaft, tunnel, or other type of borehole. In a first diagram,
a large portion of aworkface in front of the cutting surface
504 may be affected by projectile impacts by actuating a
large number of ram accelerator assemblies 102 asso-
ciated with the cutting tool 502, as illustrated by a first set
of projectile paths 702. In such a case, a large portion of a
rock face or other type of workface may be impacted by
multiple projectiles 202, whichmay substantially weaken
a large portion of the workface. In a second diagram, a
selected subset of ram accelerator assemblies 102 may
be actuated, as illustrated by a second set of projectile
paths 704, which may weaken a selected portion of a
workface, such as a first portion of geological material
that is generally centrally locatedorenclosedbyasecond
portion of geologic material. Weakening of a selected
portion of a workface using projectile impacts may be
used to control the rate of penetration through amaterial,
the shape of a tunnel 602 formed in the material, the
direction in which a tunnel 602 is extended, and so forth.
For example, interaction between a cutting surface 504
and a first portion of a workface that has not been wea-
kened by a projectile impact may cause the path of the
cutting tool 502 to be diverted way from the first portion of
the workface, and toward a second portion of the work-
face that has been weakened by a projectile impact.
[0045] For example, a portion of a workface, such as
the percentage of an area of a hole, that is to be wea-
kened by projectiles 202 may be selected, while the
remainder of the workface may remain to be removed
using drilling or boring operations using a cutting surface
504. The portion of the workface that is weakened by
projectiles 202 may be selected based on the rate at
which a tunnel 602 or shaft may be extended using a
cutting tool 502 and the rate at which debris may be
removed from a workface. For example, if a tunnel 602
is extended at a rate that enables debris to accumulate
more rapidly than the debris may be removed, use of
projectiles 202 to weaken the workface may be limited to
conserve materials and slow the rate of penetration
through a workface, preventing undesired accumulation
of debris.
[0046] For example, projectiles 202 may be acceler-
ated using radial projectile orifices 506 associated with a
cutting surface 504, creating a disc-shaped region of a
workface that is affected by projectile impacts, while
leaving a central portion of the workface unaffected by
projectile impacts. In other implementations, projectiles
202 may be accelerated using central projectile orifices

5

10

15

20

25

30

35

40

45

50

55



12

21 EP 4 256 165 B1 22

508 to selectively form a void in a first region of geologic
material that is enclosed by a second region, which may
improve the rate of penetration through a workface while
enablingdebris to fall into avoid created in thefirst region.
[0047] FIG. 8A is a diagram 800(1) depicting a work-
face 802 in which an outer region 804 has been affected
by one or more projectile impacts 806, as illustrated by
projectile paths 706, while an inner region 808 is not
affected by projectile impacts 806. As a result, the inner
region 808 may primarily be impacted by the cutting
surface 504 of a cutting tool 502, as illustrated by the
region of FIG. 8A labeled "cutting interactions" 810. In
some implementations, a disc-shaped cutting surface
504 having a diameter perpendicular to the workface
802 may be used to remove material from the workface
802. In such a case, projectiles 202 accelerated as illu-
strated by the projectile paths 706maybreak or condition
material on both sides of the area where the disc-shaped
cutting surface 504 may contact the workfare 802, which
may reduce stress on both sides of the disc-shaped
cutting surface 504. For example, the projectile impacts
806 may form voids that define a perimeter of a region of
geologic material. Interaction between compressive
forces caused by the cutting interactions 810, or in some
cases compressive forces caused by subsequent pro-
jectile impacts 806, may interact with the voids at the
outer region 804 formed by the initial projectile impacts
806. In such a case, the voids at the outer region 804may
limit breakage or degradation of geologic material out-
side of the defined perimeter, while also enabling an
increased rate of penetration. For example, compressive
forces that interact with the voids at the outer region 804
maycause tension forces that pull andbreak rockorother
geologic material into the created voids. Interactions
between the projectiles 202 and rock or other material
may break the material into a desired cross-sectional
shape defined in part by the perimeter.
[0048] In other implementations, water jet cutters,
drills, mechanical cutters, or other types of tools may
be used to pre-condition a surface, such as by forming
voidswithin the outer region 804, in addition to or in place
of the projectile impacts 806. Subsequently, projectiles
202 may be accelerated toward the inner region 808 or
other cutting tools may be used to perform additional
operations. In some implementations, water jet cutters,
ram accelerator assemblies 102, or other pre-condition-
ing tools may be controlled remotely, and in some cases
may be articulated or aimed in a variety of positions. For
example, asdescribedpreviously, a projectile impact 806
may be used to break or degrade a central region of
geologic material in addition to or in place of pre-con-
ditioning a perimeter region of the geologic material.
[0049] FIG. 8B is a diagram 800(2) depicting a work-
face 802 in which an inner region 808 has been affected
by one or more projectile impacts 806, as illustrated by
projectile paths 706, while an outer region 804 is not
affected by projectile impacts 806. In other implementa-
tions, the inner region 808 may be affected by one or

morefirst projectile impacts806, and theouter region804
may be affected by subsequent projectile impacts 806 at
a later time. As described previously, in some implemen-
tations, projectiles 202 may be directed toward an inner
region 808 of geologic material that is enclosed by an
outer region804 to formacentral hole in theworkface802
prior to contact between the workface 802 and one or
more cutting surfaces 504or additional projectile impacts
806. The central hole created by the initial projectile
impact(s) 806 may create a free face that allows shock-
waves (e.g., compressive forces) from subsequent op-
erations to be reflected in a manner that enables more
effective penetration through geologic material, such as
by forming tension forces. Additionally, debris associated
with subsequent tunneling operations may fall into a void
created by the initial projectile impact(s) 806. In other
implementations, other patterns of pre-conditioned holes
may create free faces for reflection, redirection, or other
interactions with compressive forces resulting from pro-
jectile impacts 806 or subsequent tunneling operations.
[0050] In some implementations, one or more of the
systems described with regard to FIGS. 1‑8may be used
in conjunction with a mobile (e.g., self-driven or autono-
mously-controlled) tunneling unit. Traditional tunnel bor-
ingmachines (TBMs) include round cutterheads and use
rotary torque to carve through rock or other material. An
excavation process that uses TBMs typically creates a
concentric hole, limiting applications into a single cross-
section type and ultimately producing a profile with a low
utilization ratio of tunneled sections. In cases where a
project requires a finished tunnel cross-section that is not
circular (such as rectangular or other shapes), a second-
ary excavation operation is typically used to provide the
desired cross-section. The additional equipment, labor,
and time associated with a secondary excavation opera-
tion can exponentially increase the time, cost, and other
resources associatedwith forming a tunnel. Implementa-
tions described herein may enable tunnels to be formed
and conditioned, such as through trench less excavation
operations, andmayprovide tunnelswith cross-sectional
shapes that are circular or non-circular, with a signifi-
cantly higher utilization ratio for tunnel sections than
conventional excavation operations. In some implemen-
tations, the techniques described herein may be used to
forma tunnel having varying geometry (e.g., a tunnel that
changes in diameter or cross-sectional shape as a func-
tion of length). Additionally, use of techniques described
herein may enable tunnels to be formed and conditioned
with significantly less time and cost when compared to
conventional excavation operations.
[0051] FIG. 9 is a series of diagrams 900 illustrating an
implementation of a tunneling unit 902 that may be used
to condition a surface and displace material from the
surface using a combination of waterjets 904 or other
types of pre-conditioning tools, and ram accelerator as-
semblies 102. The tunneling unit 902 may include a
structural frame 906 that is movable forward and back-
ward (e.g., to advance further into and out from a tunnel
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602) using tracks 908. In other implementations, wheels,
skids, rollers, or othermethods for enablingmovement of
the tunneling unit 902 may be used. In some implemen-
tations, movement of the tunneling unit 902 may be
controlled remotely. In some implementations, the tun-
neling unit 902 may be configured for automatic move-
ment, such as automatic advancement deeper into a
tunnel 602 after use of the tunneling unit 902 to form a
segment of the tunnel 602.
[0052] Multiplewater jets 904 or other pre-conditioning
tools may be mounted on the structural frame 906. In
some implementations, the water jets 904 may include
articulating water jet heads (e.g., water jet cutters). In
other implementations, other typesof cutting, reaming, or
boring tools may be used to pre-condition a surface in
addition to or in place of the water jets 904. For example,
one or more ram accelerator assemblies 102 may be
used in place of or in addition to the water jets 904 to pre-
condition a workface 802, such as by forming a central
hole in a region of theworkface 802where a tunnel 602 is
to be extended. In other implementations, other patterns
of holes may be formed, such as the formation of voids
that define a perimeter of a region of geologic material.
Independent of the placement of the holes, the holesmay
provide free faces that interact with shockwaves from
subsequent projectile impacts 806 or tunneling opera-
tions, whichmay improve the rate atwhich a tunnel 602 is
extended and control the shape of the tunnel 602 that is
formed.
[0053] Asshown inFIG.9, oneormore ramaccelerator
assemblies 102 may also be mounted to the structural
frame906. FIG. 9 depicts the structural frame 906 having
an outer frame with a generally rectangular shape, upon
which thewater jets 904 aremounted, andan inner frame
having a generally semicircular shape, upon which the
ram accelerator assemblies 102 are mounted. However,
in other implementations, frames having any shape may
be used. For example, water jets 904 may be positioned
along an outer frame having a semicircular shape, or
another desired shape. As another example, both water
jets 904 and ram accelerator assemblies 102 may be
positioned along a single frame having a rectangular
shape, a semicircular shape, or another shape, and
use of separate inner frames and outer frames may be
omitted.
[0054] In some implementations, as shown in FIG. 9,
the water jets 904 (or other types of cutting or pre-con-
ditioning tools) may be mounted at a leading (e.g., front)
edge of the tunneling unit 902, while the ram accelerator
assemblies 102 are mounted behind the water jets 904,
such as at or near a trailing (e.g., rear) edge of the
structural frame 906. In some implementations, a rack
system may allow each water jet 904 to move indepen-
dently, articulate, and achievemultiple different positions
or orientations to project water toward a surface. For
example, a water jet 904 or other type of pre-conditioning
tool, which may include a ram accelerator assembly 102
in some implementations, may be oriented to selectively

form a void in selected regions of geologicmaterial, such
as a first region enclosed by a second region. Continuing
the example, eachwater jet 904may include an actuator,
and in some implementations, may be programed to
move automatically, independent of other water jets
904. For example, a particular water jet 904 may be
programmed to run a set task that includes articulating
to one or more positions, use of one or more travel rates,
feed or flow rates, and other operational parameters.
Continuing the example, a tunneling unit 902 having
multiple water jets 904 may be programmed to use the
water jets 904, in conjunction with one another, to pre-
condition rock or other material for formation of a section
of a tunnel 602.
[0055] In some implementations, the tunnelingunit 902
may include one or more additional water jets 904, or
other pre-conditioning tools, located toward thebottomof
the tunneling unit 904 that may be attached to movable
arms. In some implementations, such a water jet 904 or
other pre-conditioning tool may bemounted on a six-axis
robotic arm, which may allow the water jet 904 to be
positioned and oriented in a nearly-infinite number of
ways to provide water toward rock or other material. In
other implementations, other types of arms or movable
members, including arms with greater or fewer than six
axes,maybeused.As the tunneling unit 902 is advanced
into a tunnel 602, these water jets 904 or other pre-
conditioning tools may precut a lower portion of a tunnel
profile, then bemoved out of position as needed for other
operations.
[0056] In some implementations, the water jets 904 or
other pre-conditioning tools may be used to cut an initial
outer profile for a tunnel section. In other implementa-
tions, the water jets 904 or other pre-conditioning tools
may be used to cut other patterns to pre-condition or
weaken a rock face or othermaterial. For example, water
jets 904, drills, mechanical cutters, projectile impacts
806, or other mechanisms may be used to pre-condition
a workface 802 by forming a central hole at a location
where a tunnel 602 is to be extended. In other implemen-
tations, holes or pre-conditioned regions having other
shapes (e.g., grooves, depressions, slots, and so forth)
may be formed at other locations, where shockwaves
from subsequent projectile impacts 806 or tunneling
operations may interact with free faces defined by the
holes or other shapes. For example, after cutting an initial
outer profile using water jets 904 or other pre-condition-
ing tools, and formingavoid inacentral regionof geologic
material using a projectile impact 806, the ram accel-
erator assemblies 102, which in some cases may be
articulated, aimed, and so forth, may be used to accel-
erate projectiles 202 into the geologicmaterial, within the
outer profile, to pulverize the material. In some imple-
mentations, each ram accelerator assembly 102 may be
associatedwitha track908orothermechanism toenable
movement thereof, and may be moved, pivoted, and
articulated toprovideprojectiles202 toselectedpositions
in the rock or other material. As the rock or other material
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is broken by projectile impacts 806, mucking operations,
such as those described with regard to FIG. 1, may be
used to transport the material out from the newly-formed
tunnel section. The tunneling unit 902 may then be
moved forward into the newly-formed tunnel section,
and the process may be repeated to extend the tunnel
602. In some implementations, the tunneling unit 902
may be continuously advanced as sections of a tunnel
602 are formed. Extension of the tunnel 602 by repeating
this processmay be used to provide a subsequent tunnel
section having the same cross-sectional shape and dia-
meter, or a different (or variable) cross-sectional shapeor
diameter. In other implementations, after formation of
one or more voids using one or more projectile impacts
806, or otherwise pre-conditioning at least a portion of a
workface 802 such as by using other pre-conditioning
tools, other types of tunneling operations, such as use of
cutting tools 502,may be used in place of or in addition to
subsequent acceleration of projectiles 202.
[0057] FIG. 10 is a diagram1000 illustrating a perspec-
tive view of the tunneling unit 902 of FIG. 9 positioned to
interact with and forma tunnel 602within aworkface 802,
suchasa rock faceor other typeofmaterial or surface.As
described previously, the tunneling unit 902 may include
oneormorewater jets 904 or other pre-conditioning tools
at the leading (e.g., front) end thereof, and ram accel-
erator assemblies 102 at or near a trailing (e.g., rear) end
thereof. Thewater jets 904maybepositionedonanouter
portion of a structural frame 906 of the tunneling unit 902,
whichmay have a generally rectangular shape, while the
ram accelerator assemblies 102 are positioned on an
inner portion of the structural frame 906 having a gen-
erally semicircular shape. The tunneling until 902may be
positionedon tracks908orasimilar component toenable
movement of the tunneling unit 902 into or out from a
tunnel 602.
[0058] In some implementations, the water jets 904, or
other tools, may be used to pre-condition a portion of a
rock face or other material having a non-circular profile,
such as a square or rectangular cross-sectional shape.
For example, FIG. 11A depicts a diagram 1100(1) in
which a tunnel profile 1102 for a tunnel 602 may be
formed using pre-conditioning devices, while a projectile
shot pattern 1104 may be used to displace material to
form a section of a tunnel 602 based on the tunnel profile
1102.
[0059] Continuing the example, after pre-conditioning
a portion of a rock face, such as by using water jets 904,
one or more ram accelerator assemblies 102, or other
preconditioning tools, ram accelerator assemblies 102
may then be used to fire projectiles 202 into the workface
802 at locations within the pre-conditioned profile. Inter-
actionsbetween theprojectiles202and theworkface802
or other material may break, pulverize, or otherwise
degrade the material, forming a tunnel section having
the shape of the pre-conditioned profile. In other cases,
interactions between the projectiles 202 and the work-
face 802 may weaken the material, and subsequent

projectile impacts 806, cutting tools 502, and so forth
maybeused todisplace theweakenedmaterial.Mucking
operations may then be used to remove debris from the
tunnel 602 to enable advancing of the tunneling unit 902.
Due to the generally open interior of the tunneling unit
902, mucking operations, as well as other operations,
may be performed without requiring removal of the tun-
neling unit 902, such as by passing personnel or equip-
ment beneath the structural frame 906 of the tunneling
unit 902. While FIG. 11A depicts an example in which a
tunnel profile 1102 is pre-conditioned using water jets
904, in other implementations, a workface 802 may be
pre-conditioned through other types of interactions. For
example, ram accelerator assemblies 102 may acceler-
ate projectiles 202 at selected locations on a workface
802, such as to form one or more voids that define a
perimeter, that create a central hole, or another pattern of
one or more holes. The void(s) formed by projectile
impacts 806 may define free faces that may interact with
shockwaves caused by subsequent projectile impacts
806 or tunneling operations, which may improve the
efficiency at which the material of the workface may be
displaced and may control the shape of the resulting
section of tunnel 602.
[0060] For example, FIG. 11B depicts a diagram
1100(2) in which a tunnel profile 1102 for a tunnel 602
may be formed using projectile impacts 806, while a
projectile shot pattern 1104 may be used to form one
or more voids within an enclosed region within the tunnel
profile 1102 to improve a rate of penetration of tunneling
operations. In other implementations, the tunnel profile
1102maybe formedusingwater jets 904or other typesof
pre-conditioning tools. In some implementations, one or
more projectile impacts 806 may be used to form one or
more first voids in a first region of geologicmaterial that is
enclosed by a second region. For example, FIG. 11B
depicts a projectile shot pattern 1104 that includes a
group of voids in the approximate center of the tunnel
profile1102,whichmaybe formedbyaseriesof projectile
impacts 806. While FIG. 11B depicts the group of voids
including five holes of generally equal size, in other
implementations, any number of voids may be formed,
including a single void or a large number of voids. Ad-
ditionally, the void(s) that are formed may have any size.
Further, in some implementations, the size of the void(s)
that are formed within the enclosed region of the tunnel
profile 1102may have a different size than the voids from
theprojectile impacts 806used todefine the tunnel profile
1102. For example, projectiles 202 used to define the
tunnel profile 1102 may be smaller than projectiles 202
used to formvoidswithin the enclosed region. As another
example, projectiles 202 used to define the tunnel profile
1102may be acceleratedwith a different velocity to affect
the energy associated with the resulting projectile im-
pacts 806. The projectile shot patten 1104 shown in FIG.
11Balso includes a series of voids that definea perimeter
of the tunnel profile 1102. For example, one or more
projectile impacts 806may be used to weaken, degrade,
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displace, or otherwise form voids at the approximate
outer edge of a desired tunnel shape. However, as de-
scribed previously, in other implementations, the tunnel
profile 1102 may be defined by a groove, slot, void, or
series of voids thatmaybe formed usingwater jets 904 or
other types of pre-conditioning tools in addition to or in
place of projectile impacts 806.
[0061] When subsequent tunneling operations are
performed, which may include use of cutting tools or
additional projectile impacts 806, the central voids may
improve the rate of penetration of the tunneling opera-
tions. For example, compressive forces associated with
the tunneling operations may interact with the voids to
cause tension forces that pull rock or other geologic
material, breaking and displacing the geologic material
more effectively than use of compressive forces alone.
Additionally, at least a portion of the debris associated
with the tunneling operations may fall into the first voids,
whichmaycontrol the direction that the debris is directed.
Compressive forcesassociatedwith the tunnelingopera-
tions may also interact with the voids that define the
perimeter of the tunnel profile 1102, causing tension
forces that more efficiently break or displace geologic
material when compared to use of compressive forces
alone. Additionally, the voids that define the perimeter
may limit the effect of the compressive forces on regions
of geologicmaterial outsideof theperimeter, enabling the
resulting tunnel 602 tobeprovidedwith a shapebasedon
the tunnel profile 1102.
[0062] In other implementations, other methods for
pre-conditioning or cutting a rock face or other material
may be used. For example, rock saw blades, rotating
cutters, disc cutters, road headers, water jets with added
abrasives, thermal spallation, thermal conditioning (e.g.,
heating and breaking rock), plasma jet cutters, pre-dril-
ling, and so forth may be used in addition to or in place of
water jets 904 or projectile impacts 806 to cut or pre-
condition a desired profile. Pre-conditioning geologic
material to define a perimeter of a tunnel 602 may facil-
itate formation of tunnels 602 having an irregular cross-
sectional shape, such as a square or rectangular peri-
meter shape, or another desired shape. For example,
breakage caused by projectile impacts 806 may be lim-
ited to apre-cut or pre-conditioned regionof rock, thereby
controlling the shape of thematerial that is removed from
a workface 802. In some implementations, the gain and
near-bore rock damage may be controlled by use of pre-
conditioning tools to create a gap, or a region of wea-
kened rock or rock having a different density. In some
cases, such a gap or region may be located at a central
region of a workface 802 rather than at a perimeter of a
tunnel section. The region of the rock affected by the pre-
conditioning tools may simulate a free face reflection
zone so that a shock wave caused by a projectile impact
806 changes from a compression wave to a tension
wave, which pulls and breaks the pre-conditioned rock
along the perimeter or other pattern of pre-conditioned
region(s). For example, creation of a cut or pre-condi-

tioned region of rock may provide a boundary zone
where, when metallic, ceramic, erodible, or explosive-
tipped projectiles 202, or other types of projectiles 202,
are fired, the projectiles 202 impact rock within the pre-
conditioned region, creating a compression wave that is
affected by the cut or weakened region of rock as de-
scribed above. In other implementations, shock waves
may be created using other mechanisms in addition to or
in place of projectile impacts 806, such as through use of
dynamite or other explosives. Use of the implementa-
tions described hereinmaymore efficiently pre-condition
a rock face for breakage compared to conventionalmeth-
ods, and more efficiently break the rock face using pro-
jectile impacts 806, which may be timed and spaced in a
manner that controls the shockwaves of the impacts and
creates a region for broken rock or other material to fall.
[0063] For example, FIG. 12 is a diagram 1200 illus-
trating an implementation of interactions between pro-
jectiles 202 accelerated using ram accelerator assem-
blies 102 and a pre-conditioned portion of a tunnel 602. A
ram accelerator assembly 102 may include a propellant
chamber 1202 for providing propellant material to one or
more other portions of the ram accelerator assembly 102
to impart a force to a projectile 202. In some implementa-
tions, the propellant chamber 1202 may include a gas
gun or other source of motive force. A vent section 1204
may include one or more blast ports or other openings to
enable gas created by pressurization, combustion, a
chemical reaction, or other interactions with a propellant
material to exit the ram accelerator assembly 102. Inter-
actionsbetween thepropellantmaterial and theprojectile
202 may accelerate the projectile 202 through a launch
tube 1206 of the ram accelerator assembly 102 into
contact with rock or anothermaterial, causing a projectile
impact 806 to break or weaken the material. In some
implementations, interactions between the interior of the
launch tube 1206 and exterior features of the projectile
202 may impart a ram effect to the projectile 202 to
increase the speed thereof. For example, the interior of
the launch tube1206may includebaffles, rails, variations
in the interior diameter of the launch tube 1206, or other
features that interact with the body of the projectile 202 to
increase the speed of the projectile 202.
[0064] In some implementations, multiple projectiles
202 or other tunneling operations may be applied to
different parts of a pre-conditioned region of a rock face
or other geologic material to break the material, as de-
scribed above, forming debris that may be removed from
the resulting tunnel section using mucking operations or
other methods of transport or removal. For example, a
tunnel profile 1102 of the tunnel section may be formed
using water jets 904, projectile impacts 806, or other pre-
conditioning devices. The tunnel section may be ex-
tended by breaking the pre-conditioned region within
the tunnel profile 1102 using projectile impacts 806 or
other tunneling operations, such as use of cutting tools
502. The resulting tunnel section may have a cross-
sectional shape determined based on the pre-condition-
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ing of the rock or other geologic material. In some im-
plementations, a single ram accelerator assembly 102
may be used to accelerate multiple projectiles 202 into a
rock face or other material, at the same location or at
multiple different locations. For example, a single ram
accelerator assembly 102 may be used in succession to
provide projectiles 202 to various regions of a rock face.
In other cases, multiple ram accelerator assemblies 102
may be used, sequentially or simultaneously, to impact
the same or different regions of a rock face or other
material with projectiles 202. For example, the projectile
shot patterns 1104 shown in FIGS. 11A and 11B may be
applied to a rock face using multiple different ram accel-
erator assemblies 102 to accelerate projectiles 202 si-
multaneously or close-in-time.
[0065] Providing a rock face or otherworkface 802with
a pre-cut region, suchasa region havinga square shape,
may cause plastic strain from a projectile impact 806 to
extend into the pre-cut portion of the rock face. For
example, providing the bottom of a hole or the end of a
tunnel 602 with a square-shaped pre-cut region prior to
impacting a workface 802 with one or more projectiles
202 may facilitate changing the cross-sectional shape of
subsequent portions of the hole or tunnel 602. Formation
of a pre-conditioned or pre-cut region, using water jets
904, rock saws, impacts from projectiles 202, or other
methodsdescribed above,maybeperformedasdiscrete
processes, or a continuous process. For example, me-
chanisms for pre-conditioning a workface 802 may be
used continuously or in rapid succession between im-
pacts from projectiles 202. While implementations de-
scribedherein includeuse of ramaccelerator assemblies
102, other mechanisms for accelerating projectiles 202
may be used. For example, supersonic or hypersonic
mass drivers, electric rail guns, or other devices may be
used to accelerate projectiles 202 toward a workface
802. While FIG. 12 depicts an example in which a peri-
meter region that defines a tunnel profile 1102 is pre-
conditioned prior to impacting a workface 802 with pro-
jectiles 202, in other implementations, a pre-conditioned
portion of a tunnel 602 may include one or more holes
positioned in a central region spaced from a perimeter of
the tunnel profile 1102. Independent of the location of the
holes or other pre-conditioned regions, one or more free
faces may be defined that may interact with shockwaves
caused by subsequent projectile impacts 806 or tunnel-
ing operations, which may control the shape of the re-
sulting tunnel section and improvea rate of penetration of
the tunneling operations.
[0066] Implementations describedhereinmaybeused
for formation of tunnels 602 that are horizontal, vertical,
angled, or have other orientations. A tunnel 602may also
include amine shaft, a vertical tunnel such as a borehole,
or other types of holes or tunnels. Additionally, some
implementations may include formation of tunnels 602
under water, or in other pressurized environments. Com-
puting devices and sensors may be used to determine
times and orientations for actuating water jets 904 or

other pre-conditioning devices, and for actuating ram
accelerator assemblies 102 or other methods for accel-
erating projectiles 202.
[0067] In some implementations, a rock face or other
material may be broken first, such as by one or more
projectile impacts 806, prior to forming a pre-conditioned
region using water jets 904, projectile impacts 806, or
other devices, then impacting the rock again to break the
rock in a desired shape. In some implementations, if
portions of a pre-conditioned region of a rock face or
other material are not fully removed by projectile impacts
806, such as corner regions of a square-shaped pre-
conditioned area, a scaling bar, jack hammer, drill bit,
cutter, or other mechanical implement may be used to
remove the remaining material from the pre-conditioned
region. In some cases, a water jet 904 may be used to
remove the remaining material, such as by cutting the
material in a radial direction. In some cases, additional
projectile impacts 806 may be used to remove material
not removed by the initial projectile impacts 806. For
example, a smaller projectile impact 806 (e.g., using a
smaller projectile 202, less force, or a projectile 202
having different characteristics) may be used to remove
the remaining material not fully removed by a previous
projectile impact 806. In some implementations, water
jets 904 may be articulated to project water in directions
that are not parallel with the centerline of the tunnel face,
such as to provide better control of the location of the
edge of a pre-conditioned region during firing of thewater
jets 904.
[0068] While implementations described above with
regard to FIGS. 9‑12 depict a single unit that includes
waterjets 904, ram accelerator assemblies 102, and so
forth, in other implementations, a system that includes a
projectile accelerating device, pumps, power, robotics,
pre-conditioning devices, and so forth may includemulti-
ple separateunits thatmaybecontrolledandcoordinated
using one or more computing devices. For example,
sensors and other instrumentation may be used to re-
motely control and coordinate operations of various de-
vices,manually or autonomously, suchas tomeet certain
setsof parameters for ratesof production. In somecases,
an acoustic barrier, air barrier, gas barrier, or other type of
separationmay be provided between one ormore pieces
of equipment, such as to control dust, noise, and so forth.
[0069] In some implementations, multiple tunneling
units 902 may be used in succession. For example,
FIG. 13 is a diagram 1300 depicting an implementation
of a system that includes multiple tunneling units 902. A
first tunneling unit 902(1) may include one or more of
water jets 904 or ram accelerator assemblies 102, as
described with regard to FIGS. 9‑12. A second tunneling
unit 902(2) may be positioned behind the first tunneling
unit 902(1) andmay include a cutting surface 504 having
a ring-shaped configuration. For example, the second
tunneling unit 902(2) may include a tunnel boring ma-
chine (TBM) with a ring cutter.
[0070] In some implementations, the first tunnelingunit
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902(1) may be mounted to a generally cylindrical struc-
tural frame906. The second tunneling unit 902(2)maybe
mounted to a generally cylindrical structural frame 906
having a larger diameter than that of the first tunneling
unit 902(1). For example, FIG. 13 depicts the first tunnel-
ing unit 902(1) having water jets 904 at a front end, ram
accelerator assemblies 102 at a back end, and noise-
reducingbaffles1302behind the ramaccelerator assem-
blies 102. In some implementations, noise-reducing baf-
fles 1302 may be installed in a terminal bulkhead of the
first tunneling unit 902(1). Bulkheads and baffles may be
used to acoustically isolate the first tunneling unit 902(1),
reducing the effect of noise caused by rock breaking and
firing of projectiles 202 occurring ahead of the second
tunneling unit 902(2). For example, the second tunneling
unit 902(2) may include a manned section having one or
more human operators, and use of bulkheads, baffles, or
both bulkheads and baffles may reduce the exposure of
humanoperators to noise from rock breaking and firing of
projectiles 202.
[0071] Thefirst tunnelingunit 902(1) is shown in front of
and spaced apart from the second tunneling unit 902(2),
which is shown positioned on a larger cylindrical frame
906. The first tunneling unit 902(1) and second tunneling
unit 902(2)maybespacedapart bya selected separation
distance, such as for controlling noise, debris, and so
forth.While FIG. 13 depicts the cutting surface 504 of the
second tunneling unit 902(2) having a ring-shaped con-
figuration, in other implementations, the second tunnel-
ing unit 902(2)may include an articulating cutter, such as
a long wall miner or road header, disc cutters along a
multiple rotation axis machine, and so forth. Because the
first tunneling unit 902(1) may be used to break the
majority of rock to form a tunnel section, the second
tunneling unit 902(2) may have a variety of shapes that
differ from those of traditional TBMs. In other implemen-
tations, the first tunneling unit 902(1)may be used to pre-
condition one or more regions of geologic material, while
the second tunneling unit 902(2) is used to displace
material to form a tunnel section.
[0072] In some implementations, a conveyor system
1304 may be incorporated within one or more of the
tunneling units 902. For example, a conveyor belt may
be used to transport broken rock, debris, or other materi-
als out from a tunnel 602, and in some cases, to transport
othermaterials into the tunnel 602. In some cases, a rock
crusher 1306 or similar devicemay be positioned on or in
front of the conveyor system 1304 to crush, break, or
otherwise degrade or process the broken rock or other
debris transported using the conveyor system 1304. For
example, FIG. 13 shows a rock crusher 1306 positioned
in association with a portion of a material handling con-
veyor system 1304 within the structural frame 906 of the
second tunneling unit 902(2). In other implementations, a
rock crusher 1306may bepositionedwithin the structural
frame906of the first tunneling unit 902(1) in addition to or
in place of a rock crusher 1306 associated with the
second tunneling unit 902(2). For example, a projectile

impact 806 from the first tunneling unit 902(1)may create
sizeable pieces of debris that may be crushed or other-
wise processed by a rock crusher 1306 before providing
the debris to pass through or into the second tunneling
unit 902(2). In some cases, both tunneling units 902may
constitute two independently controlled units that share a
similarmuckingmethodology.Forexample, the tunneling
units 902may be independently controlled, while a single
conveyor belt or othermaterial conveying systemmaybe
used to move material associated with both tunneling
units 902.
[0073] During use, the first tunneling unit 902(1) may
be used to break a portion of a rock face, as described
previously, forming a section of a tunnel 602. The second
tunneling unit 902(2), being associated with a ring-
shaped frame 906 having a larger diameter than that
of the first tunneling unit 902(1), may be used to ream the
outer edges of the tunnel section created by the first
tunneling unit 902(1). As the tunneling units 902 are
advanced into a newly-formed tunnel section, the second
tunneling unit 902(2) may ream or expand the outer
edges of the tunnel section previously created by the
first tunneling unit 902(1).
[0074] FIG. 14 is a series of diagrams 1400 showing
front views of an implementation of the first tunneling unit
902(1) and second tunneling unit 902(2) of FIG. 13. The
first tunneling unit 902(1) may include water jets 904 or
other types of pre-conditioning devices, and ram accel-
erator assemblies 102 or other types of projectile accel-
eration devices,mounted to a structural frame 906. In the
implementation shown in FIG. 14, the structural frame
906 has a generally cylindrical shape, however in other
implementations, other shapes may be used. The water
jets 904 or other pre-conditioning tools, which in some
casesmay include ramaccelerator assemblies 102,may
beused topre-cut or pre-conditiona rock face, suchasby
weakening a perimeter of a region of the rock face or
forming one or more voids within an enclosed region of
the rock face. Then, the ram accelerator assemblies 102
may be used to accelerate one or more projectiles 202
into the rock face. Impact between theprojectiles 202and
the rock facemay facilitate breakageof the rock. The rate
of penetration of the projectile impacts 806 may be im-
proved due to the interaction between compressive
forces of the projectile impacts 806 with the voids formed
by the pre-conditioning tools, whichmay cause the shock
waves caused by projectile impacts 806 to pull and
remove rock from the region of the rock face using ten-
sion forces. Additionally, in some cases, the pre-condi-
tioned regions of the geologic material may limit the
breakage or displacement of material outside of the
perimeter. While FIG. 14 depicts the ram accelerator
assemblies 102 positioned along an interior surface of
a frame 906, in other implementations, the ram accel-
erator assemblies 102 may be positioned along an outer
surface of the frame 906, or along a front edge of the
frame 906. Similarly, the water jets 904 or other pre-
conditioning tools may be positioned at other locations
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on the frame 906. Additionally, in some implementations,
ram accelerator assemblies 102 may be used as both
pre-conditioning tools and to displace geologic material
after pre-conditioning a portion of the geologic material,
and use of separate pre-conditioning tools may be
omitted.
[0075] The first tunneling unit 902(1) may be a self-
contained unit that may be used independently of the
second tunneling unit 902(2), andmay be independently
controllable from the second tunneling unit 902(2). In
some implementations, when the first tunneling unit
902(1) is positioned close to a rock face, the depicted
water jets 904, ram accelerator assemblies 102, or other
pre-conditioning tools may be actuated to pre-condition
the rock face in a full, 360-degree profile. The ram accel-
erator assemblies 102, which may be mounted around
the circumference of the frame,may be used to break the
pre-conditioned rock face by firing multiple projectiles
202 into the rock face in succession. In other implemen-
tations, other types of cutting tools may be used in addi-
tion to or in place of the ram accelerator assemblies 102.
Projectile impacts 806 or other tunneling operations may
break the region of the rock face affected by the pre-
conditioning, causing sections of rock to fall within the
newly-formed tunnel section, such as within voids cre-
ated by the initial projectile impacts 806. A conveyor
system 1304 within the first tunneling unit 902(1) may
be used to transport the material to mucking equipment
located farther from the rock face.
[0076] In some implementations, the first tunnelingunit
902(1) may include a material-handling arm 1402, such
as an excavator arm and bucket, which may bemounted
to the leading edge of the frame 906 of the first tunneling
unit 902(1). For example, thematerial-handlingarm1402
may be remotely, automatically, or manually controllable
to facilitate movement of broken rock or other materials
away from or toward the rock face.While FIG. 14 depicts
an excavator arm and bucket as an example device for
conveying debris and other materials, other types of
devices for moving material may also be used.
[0077] In some implementations, each water jet 904,
ram accelerator assembly 102, the depicted material-
handling arm 1402, and the conveyor system 1304
shown in the first tunneling unit 902(1) may be indepen-
dently and automatically operated, such as remotely
using controls outside of the tunnel 602 or in a manned
portion of the second tunneling unit 902(2) located be-
hind the first tunneling unit 902(1).
[0078] Additionally, FIG. 14 depicts a front view of the
second tunneling unit 902(2), which in some implemen-
tations may include a ring-shaped cutting surface 504
positioned along a generally cylindrical frame. In some
implementations, the diameter of the ring cutter may be
larger than that of the frame 906 of the first tunneling unit
902(1). For example, the cutting surface 504 of the
second tunneling unit 902(2) may further ream, weaken,
degrade, smooth, or widen a section of tunnel 602 after a
rock face is initially broken using the first tunneling unit

902(1). In other implementations, the second tunneling
unit 902(2) may include an articulating cutter, such as a
long wall miner or road header, disc cutters along a
multiple rotation axis machine, and so forth. Because
the first tunneling unit 902(1) is used to break themajority
of rock to form a tunnel section, the cutting surface 504 of
the second tunneling unit 902(2) may have a variety of
shapes that differ from those of traditional TBMs.
[0079] Broken rock or other materials broken by the
first tunneling unit 902(1), or by the second tunneling unit
902(2), may pass through a central open section 1404 of
the second tunneling unit 902(2). For example, the con-
veyor system 1304 may pass through the open section
1404 and may transport broken rock or other material
away from or toward the rock face. As described pre-
viously, in some implementations, a rock crusher 1306 or
other device for breaking, crushing, or otherwise proces-
sing the broken rock or other debris may be associated
with the conveyor system 1304.
[0080] In some cases, the ring-shaped cutting surface
504 of the second tunneling unit 902(2) may act as a
reamer that may clean and smooth the diameter of a
tunnel section formed by using the first tunneling unit
902(1) to break and remove rock. Through the center of
the ring section, the continuous conveyor system 1304
may be used to transport rock, debris, or other material
from either tunneling unit 902 to a rock crusher 1306
located behind the cutting surface 504 of the second
tunneling unit 902(2). The rock crusher 1306 may pro-
cess larger rock removed from the rock face by one or
both tunneling units 902. In some implementations, ma-
terial processed by the rock crusher 1306 may then be
fed to an additional conveyor system 1304 located be-
hind the rock crusher 1306 and transported toward a
mucking system.
[0081] In other implementations, one or more ram
accelerator assemblies 102 or waterjets 904 may be
incorporatedwithin the frame906of thesecond tunneling
unit 902(2). For example, ram accelerator assemblies
102 may be used to fire projectiles 202 through a hole or
lattice pattern within the ring shape of the second tunnel-
ing unit 902(2).
[0082] In some implementations, a tunneling unit 902
may be used in combination with a pressurized exhaust
system, such as a system that includes one or more
pressurized screw augers. For example, a pressurized
screw auger or another similar device may be used to
transfer broken rock created by projectile impacts 806
through a pressure-acoustic barrier within which the
tunneling unit 902 may operate. This may enable the
tunneling unit to be operated at different pressures, as
well ascontrol thepassageofexhaust gassesseparately,
transmit or direct the flowof exhaust gasses, and so forth.
[0083] Some implementations within the present dis-
closuremay includemethods for extending a tunnel 602,
shaft, or other structure by pre-conditioning a selected
region of a workface 802 prior to performing a tunneling
operation to remove material from the workface 802 and
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extend a tunnel 602. In some cases, pre-conditioning a
workface 802 may include accelerating one or more
projectiles 202 into contact with the workface 802 to form
one or more holes at or near a center of a region of the
workface 802 where a tunneling operation will be per-
formed to remove material from the workface 802. In
other cases, other patterns of holes or other types of
pre-conditioned regions (depressions, grooves, slots,
etc.) may be formed in a workface 802.
[0084] After pre-conditioning the workface 802, a sub-
sequent operation to displacematerial from theworkface
802 and extend a tunnel 602 may include accelerating
one or more projectiles 202 into the workface 802, such
as to break rock or other materials. In other cases, a
subsequent operation to displacematerial from thework-
face 802 and extend a tunnel 602 may include use of a
drill or boring tool. Pre-conditioning of the workface 802,
such as through use of one or more projectile impacts
806, may weaken the material of the workface 802,
increasing the rate at which material may be displaced
from the workface 802 and a tunnel 602 may be ad-
vanced. Additionally, pre-conditioning of the workface
802 may control the resulting shape of a tunnel 602 that
is formed. For example, the holes or other pre-condi-
tioned region of a workface 802 may simulate free face
reflection zones. Shockwaves caused by subsequent
projectile impacts 806 or other tunneling operations
may interact with the free faces to increase the compres-
sive pressure applied to rock or other material at the
workface 802 and to control the shape of the material
that is removed from the workface 802. For example, a
shockwave caused by a projectile impact 806 may
change from a compression wave to a tension wave
when crossing a free face reflection zone, which may
cause the shockwave to pull and break a pre-conditioned
portion of the workface 802 at the region where the holes
or other pre-conditioned pattern were formed.
[0085] While example implementations described
herein illustrate tunnels 602 and shafts extended in a
generally horizontal direction, in other implementations,
tunnels 602 and shafts may be extended in a vertical
direction. For example, a workface 802 located in an
uphole or downhole direction in a shaft may be pre-
conditioned by forming one or more holes or other pre-
conditioning features in geologic material. Subsequent
projectile impacts 806 or use of cutting or boring tools on
the workface 802 may then more efficiently penetrate
through the geologic material, while the pre-conditioned
features of the workface 802 may control the cross-sec-
tional shape of the extended section of the shaft. In cases
where ram accelerator assemblies 102 or other equip-
ment are oriented to face upward, such as when extend-
ing a shaft or tunnel 602 in an upward vertical direction,
barriers, containers, rock crushers, or othermechanisms
may be positioned between the ram accelerator assem-
blies 102 and the workface 802 to catch ejecta or other
debris that may fall toward the ram accelerator assem-
blies 102 or other equipment. In some cases, the ram

accelerator assemblies 102 or other equipment may be
engaged with these mechanisms or other structures,
which may maintain the ram accelerator assemblies
102 in a selected position relative to the workface 802.
[0086] In some implementations, pre-conditioning of a
workface 802may also be used to control the direction in
which ejecta or other debris is generated. For example,
during conventional tunneling operations, debris may be
generated at the workface 802 where tunneling opera-
tions are performed, which may cause removal opera-
tions to be required before additional tunneling opera-
tions may be performed. However, shockwaves caused
by projectile impacts 806 may expel debris in selected
directions, facilitated by use of holes, slots, or other
features that may be formed in a workface 802 prior to
a projectile impact 806 or other tunneling operation.
[0087] FIG. 15 is a diagram 1500 that depicts an ex-
ample implementation in which a first void 1502, such as
a hole, slot, groove, sill, or other type of feature may be
formed near the base of a workface 802. The first void
1502 may be formed using projectile impacts 806, or in
some implementations, one or more preconditioning
tools. In some implementations, the first void 1502
may be formed using one or more cutting tools 502, or
a combination of cutting tools 502 and projectile impacts
806.For example, a slot, hole, groove, sill, or other typeof
void 1502 may be formed by weakening a region of
geologic material using one or more projectile impacts
806, then removingmaterial from the region using one or
more cutting tools 502.Due to the void 1502 formed in the
workface 802 causing formation of tension forces when
subsequent projectile impacts 806 occur, debris 1504
debris created by a projectile impact 806 may be more
likely to move toward the pre-conditioned feature. For
example, FIG. 15 depicts a ram accelerator assembly
102whichmayaccelerateaprojectile202as indicatedby
a projectile path 706 to impact a portion of the workface
802. The force of the projectile 202, forces caused by
interaction with the void 1502, and gravity may cause
debris 1504 to fall toward the void 1502. In some imple-
mentations, a portion of a collection tool 1506, such as a
tray, trailer, conveyor, or other type of container may be
positioned at, near, or at least partially within the void
1502 to catch debris 1504 created by a projectile impact
806, which may facilitate movement of the debris 1504
away from the workface 802.
[0088] In some implementations, if rock or other ma-
terial remains on a wall of a tunnel 602 after formation,
such as a protrusion that is not removed by tunneling
operations, or a narrower region of a tunnel 602, this
material may be removed by subsequent tunneling op-
erations, such as projectile impacts 806. For example, a
projectile 202 may be accelerated, such as by using a
ram accelerator assembly 102, to impact material on a
wall of a tunnel 602 with sufficient energy to remove the
material from the wall. Impact between the projectile 202
and thewallmay then redirect the projectile 202 to impact
a workface 802 at the end of the tunnel 602, such as to
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further extend the tunnel 602, formahole in the endof the
tunnel 602 to pre-condition the workface 802 for further
tunneling operations, and so forth. For example, projec-
tiles 202may be used towiden or smooth a tunnel 602 by
ricocheting the projectiles 202 on awall of the tunnel 602,
which may then cause the projectiles 202 to impact the
workface 802 at the end of the tunnel 602, or another wall
or surface of the tunnel 602.
[0089] In other implementations, projectiles 202 may
first impact a workface 802 at the end of a tunnel 602 or
shaft, and impact between the workface 802 and the
projectile 202 may redirect the projectile 202 toward a
wall of the tunnel 602 or shaft. In such a case, a projectile
202 that is redirected away from the workface 802 at an
angle, such as toward a wall or floor of a tunnel 802, may
moveejecta or other debris 1504away from theworkface
802. For example, a projectile 202 that ricochets from a
workface 802 in a downward direction may displace
ejecta that has fallen to the floor near the workface 802
during tunneling operations, such as previous projectile
impacts 806. In a similar manner, a projectile 202 that
ricochets from a workface 802 toward a wall, floor, or
ceilingof a tunnel 602may impact thewall, floor, or ceiling
and removematerial therefrom, suchaswhen smoothing
or widening a portion of a tunnel 602. In some cases,
impact between a projectile 202 and the workface 802 at
a selected angle may cause ejecta from the impact to be
directed toward awall, floor, or ceiling of the tunnel 602 in
a manner that may erode, smooth, or displace material
from the wall, floor, or ceiling.
[0090] FIG. 16 is a diagram 1600 depicting an interac-
tion between forces associated with a projectile impact
806 and one or more voids 1502(1) within a workface
802. At a first time T1, one or more first projectiles 202
may be accelerated into contact with a first region of
geologic material within a workface 802. The first region
may be enclosed by a second region of the geologic
material. For example, FIG. 16 depicts a first projectile
path 706(1) indicating contact between a projectile 202
and an interior region of the workface 802, which may be
enclosed by an exterior region. Interaction between one
or more projectiles 202 and the first region of geologic
material may form one or more first voids 1502(1).
[0091] At a second time T2, a second projectile 202
may be accelerated into contact with the workface 802.
The second projectile 202 may impact the first region of
the geologicmaterial or the second region of the geologic
material. For example, FIG. 16 depicts a second projec-
tile path 706(2) indicating contact between a projectile
202 and a different region of the workface 802 that is
spaced apart from the first void 1502(1). Interaction
between the second projectile 202 and the workface
802 may form one or more second voids 1502(2) in the
geologic material. Interaction between the second pro-
jectile 202 and the workface 802 may also apply one or
more compressive forces 1602 to the geologic material.
The compressive force(s) 1602 may propagate through
thegeologicmaterial to interactwith thefirst void1502(1).

[0092] At a third time T3, interaction between the com-
pressive forces 1602 and the first void 1502(1) may
cause tension forces 1604, which may pull or break
geologic material near the first void 1502(1) more readily
than use of compressive forces 1602 alone. The tension
forces 1604 may cause debris 1504 displaced by the
tension force(s) 1604 to fall within the first void 1502(1) or
to fall toward one or more other locations away from the
workface 802.
[0093] While FIG. 16 depicts a second projectile im-
pact creating compressive forces 1602 that interact with
the first void 1502(1), in other implementations, other
tunneling operations, such as use of a cutting tool 502,
may be used in place of or in addition to the projectile
impacts 806 to create compressive forces 1602 that
interact with the first void 1502(1).
[0094] FIG. 17 is a diagram 1700 depicting use of
acoustic signals 1702 generated by a projectile impact
806 to determine characteristics of geologic material,
which may be used to control the firing parameters of a
ram accelerator assembly 102. At a first time T1, a ram
accelerator assembly 102maybeused to accelerate one
or more projectiles 202 into contact with a workface 802.
The projectile impact(s) 806 may cause one or more
acoustic signals 1702 that propagate through the geolo-
gic material of the workface 802. An acoustic detector
1704 may receive the acoustic signal(s) 1702 and gen-
erate signal data 1706 indicative of characteristics of the
acoustic signal(s) 1702. One or more computing devices
1708 may receive the signal data 1706 and determine
characteristics of the geologic material based on the
signal data 1706. For example, determined characteris-
tics may include a hardness, porosity, the presence or
absenceof particularmaterials suchashard rock, porous
sandstone,metal or otherores,water, hydrocarbons, and
so forth.
[0095] At a second time T2, the computing device(s)
1708 may determine firing characteristics 1710 and pro-
jectile characteristics 1712 based on the determined
characteristics of the geologic material. For example,
firing characteristics 1710 may include times associated
with subsequent acceleration of projectiles 202, loca-
tions within the geologic material to be contacted with
theprojectiles 202, the speedatwhich projectiles 202 are
to be acceleratedwhichmaybedetermined based in part
on the types and quantities of propellant materials used,
and so forth. Projectile characteristics 1712 may include
a determined shape, material composition, or type of
projectile 202. For example, a steel projectile 202 with
a tapered body may be used to penetrate through hard
rock,while awider concreteprojectile 202maybeused to
penetrate through softer or more porous material. In
some cases, based on the determined characteristics
of geologic material, use of a subsequent projectile im-
pact 806 may be omitted or delayed. For example, if soft
or porous geologic material is determined, a cutting tool
502 may be used to displace this material without use of
projectile impacts 806beforea subsequent projectile 202
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is accelerated toward the workface 802. The firing char-
acteristics 1710 and projectile characteristics 1712 may
be provided to a controller 1714 associated with the ram
accelerator assembly 102. In some implementations, the
computing device(s) 1708 may also determine a struc-
tural support characteristic. For example, based on the
characteristics of the geologic material, such as hard-
ness, porosity, or the presence or absence of particular
materials, a nailing, bolting, or shot-creting operation
may be necessary to maintain structural integrity of a
section of a shaft or tunnel 602. The computing device(s)
1708 may control operation of a bolting or shot-creting
tool, or other structural support tools, based on data
associated with the acoustic signal(s) 1702.
[0096] At a third time T3, based on the firing character-
istics 1710 and projectile characteristics 1712, the ram
accelerator assembly 102 may accelerate a subsequent
projectile 202 into contact with the workface 802. The
location and effects of the resulting projectile impact 806
maybeaffectedat least inpart by thefiringcharacteristics
1710 and projectile characteristics 1712. The subse-
quent projectile impact 806 may generate additional
acoustic signals 1702, which may be used to determine
characteristics of additional regions of the geologic ma-
terial. For example, the processdescribed in FIG. 17may
be repeatedbasedonmultiple projectile impacts 806and
the resulting acoustic signals 1702.
[0097] FIGS. 18A‑18E are a series of diagrams 1800
depicting an implementation of amethod for sequentially
removing regions of geologicmaterial to forma section of
a tunnel 602 using a combination of projectile impacts
806 and cutting tools 502. While FIGS. 18A‑18E depict
one example series of sequential removal of zones of
geologic material, in other implementations, zones of
geologic material may be removed in any order. Addi-
tionally, while FIGS. 18A‑18E depict a configuration in
which a tunnel 602 is formed by removing generally
horizontal zones of geologicmaterial, in other implemen-
tations, zones may be oriented vertically or may have
other orientations. For example, if a particular region of
geologic material includes a vein of ore or other material
to be extracted, the particular region of geologic material
may be removed separately from other zones of geologic
material, such as toenable extractedore to be processed
separately from debris created by removal of rock or
other undesired geologic material.
[0098] As shown in FIG. 18A, at a first time T1, a first
zone 1802 of geologic material may be removed using
one ormore of projectile impacts 806 or cutting tools 502.
For example, a region of geologic material is shown
conceptually divided into multiple zones, with a first zone
1802 positioned slightly above a base level, a second
zone 1804 above the first zone 1802, a third zone 1806
above the second zone 1804, a fourth zone 1808 below
the first zone 1802, and a fifth zone 1810 below the fourth
zone 1808. The geologic material may include a combi-
nation of materials, such as rock, earth, and so forth.
Removal of the first zone 1082 of geologic material may

include accelerating one or more projectiles 202 into
contact with the first zone 1802 to form one ormore voids
1502, then contacting the geologic material at the first
zone 1802 or at one or more other regions using addi-
tional projectile impacts 806 or cutting tools 502 to cause
tension forces 1604 that break or otherwise displace the
geologicmaterial of the first zone 1802. A cutting tool 502
may be used to remove any residual material or debris
1504 from the first zone 1802 that is not removed by the
initial tunneling operations, such that the first zone 1802
defines a first void 1502(1).
[0099] As shown in FIG. 18B, at a second time T2, a
debris collection tool 1506 may be positioned in the first
void 1502(1) defined by the removal of geologic material
from the first zone 1802. As described previously, the
collection tool 1506 may include a tray, trough, portion of
a conveying system, and so forth that may be used to
catch debris 1504 that falls from above the first void
1502(1) during subsequent operations. For example,
at a third time T3, a perimeter region of the second zone
1804may be pre-conditioned. In some implementations,
pre-conditioning of the perimeter region of the second
zone 1804may include contacting the second zone 1804
with one ormore projectiles 202,whichmay forma series
of voids 1502(2) proximate to the perimeter of the second
zone 1804. In other implementations, water jets 904,
cutting tools 502, drills, and so forth may be used to form
voids 1502(2), grooves, slots, or other regions of re-
movedmaterial proximate to the perimeter of the second
zone 1804.
[0100] As shown in FIG. 18C, at a fourth time T4,
geologic material from the second zone 1804 may be
removed using one or more of projectile impacts 806 or
cutting tools 502. For example, contact betweena cutting
tool 502 or one or more projectiles 202 and the second
zone 1804 of geologic material may cause compressive
forces 1602 that interact with the voids 1502(2) formed at
the third time T3. Interaction between the compressive
forces 1602 and the voids 1502(2) may cause tension
forces 1604 to break the geologic material of the second
zone 1804 while limiting the displacement of geologic
material beyond the perimeter of the second zone 1804
defined by the voids 1502(2). Debris 1504 formed by
operations to remove material from the second zone
1804 may fall toward the collection tool 1506, which
may facilitate removal of the debris 1504. In cases where
projectile impacts 806 or large-diameter cutting tools 502
are used to removematerial from the second zone 1804,
some residual geologic material may remain, such as at
the locations indicated inFIG.18Cas the third zone1806.
[0101] As shown in FIG. 18D, at a fifth timeT5, the third
zone 1806 of geologic material may be removed by
contouring the second zone 1804 with cutting tools
502. For example, after breaking geologic material with
projectile impacts 806 or larger-diameter cutting tools
502, portionsof geologicmaterialmay remainat anupper
portion of the second zone 1804. A road-header tool or
other type of cutting tool may be used to displace the
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geologic material from the third zone 1806, or otherwise
contour, smooth, or form the edges of the section of
tunnel 602 defined by the perimeter that was pre-condi-
tioned at the third time T3.
[0102] Atasixth timeT6, debris 1504and thecollection
tool 1506 may be removed from the region of geologic
material, and a perimeter region of the fourth zone 1808
may be pre-conditioned. For example, one or more pro-
jectile impacts 806, water jets 904, drills, cutting tools
502, or other pre-conditioning tools may be used to form
one or more voids 1502(3), grooves, slots, or other
regions of removed or displaced geologic material prox-
imate to the perimeter of the fourth zone 1808.
[0103] As shown in FIG. 18E, at a seventh time T7, the
fourth zone 1808 of geologic material may be removed
using one or more of projectile impacts 806 or cutting
tools 502. The operations performed to remove the ma-
terial from the fourth zone 1808 may cause compressive
forces 1602 that interact with the voids 1502(3) to cause
tension forces 1604 that break geologicmaterial from the
fourth zone 1808 more readily than use of compressive
forces 1602 alone. Some residual geologic material may
remain at the edges of the fourth zone 1808, as shown in
the fifth zone 1810 of FIG. 18E. At an eighth time T8, the
fifth zone 1810 of geologic material may be removed by
contouring the fourth zone 1808 using cutting tools 502.
[0104] In addition to forming a tunnel 602 in an efficient
andadvantageousmanner, selective removal of zonesof
geologic material may be used to facilitate extraction of
desired materials from rock or other geologic material.
For example, FIG. 19 is a diagram 1900 depicting an
implementation of a system for selectively removing
regions of geologic material based on the characteristics
of the geologic material, such as to extract ore or another
desired material separately from waste or debris. As
described previously, one or more ram accelerator as-
semblies 102, and in some cases, cutting tools 502,
reaming tools 108, impact tools, or other tools for displa-
cing geologic material, may be used to form a shaft or
tunnel 602 within geologic material. For example, one or
moreprojectiles202maybeaccelerated into contactwith
a workface 802, and an interaction between the projec-
tiles 202 and the geologic material may weaken the
geologic material and form one or more voids. A subse-
quent projectile impact 806 or use of a cutting tool 502 to
contact the region of geologic material may apply a
compressive force 1602 to the geologic material, which
may interact with a void to form a tension force 1604 that
more readily breaks rock or other geologic material than
use of compressive forces 1602 alone.
[0105] In some cases, a particular region of geologic
material, such as a target zone 1902 may include a
desired material, such as a vein of ore. In such a case,
removal of the target zone 1902 of geologic material
separate from other zones of geologic material, which
may constitute waste zones 1904 that contain rock,
earth, or other undesired materials, may enable the
desired material to be collected separately from the un-

desired materials. For example, using methods de-
scribed with regard to FIGS. 18A‑18E, the target zone
1902 of the geologic material may be pre-conditioned,
such as by defining a perimeter region thereof using
projectile impacts 806, or other pre-conditioning tools.
Then, one ormore projectile impacts 806may be used to
weaken the geologic material in the target zone 1902.
Subsequent projectile impacts 806 or use of cutting tools
502 may then be used to remove the desired material
from the target zone 1902. Conveying systems may
transport the collected material 1906 to a selected loca-
tion for processing. Because the target zone 1902 of
geologic material is removed separately from the waste
zone(s) 1904, the collected material 1906 does not in-
clude large amounts of wastematerial 1908 (e.g., rock or
other debris). After the target zone 1902 has been re-
moved, one or more waste zones 1904 may be removed
using projectile impacts 806 or cutting tools 502, as
described previously, and the waste material 1908 may
be transported away from the workface 802. In other
implementations, one or more waste zones 1904 may
be removed prior to removal of the target zone 1902 of
geologic material. In some cases, based on known char-
acteristics of a region of geologicmaterial, which in some
implementations may be determined using acoustic sig-
nals 1702 as described with regard to FIG. 17, the pre-
sence or absence of a desired material may be deter-
mined. In other implementations, the characteristics of a
region of geologic material may be determined using
other sensor modalities. For example, spectroscopy,
radar, neutron scattering, neutron diffraction, x-ray ana-
lysis, and so forth. Separate conveying systems ormeth-
ods, or directions of conveying the resulting debris, may
be used based on the known characteristics of the region
of geologicmaterial that is impacted by a projectile 202 or
cutting tool 502 to cause a desiredmaterial suchas ore to
be transported away from a workface 802 separately
from waste material 1908. In some implementations,
waste material 1908 such as rock may be replaced in
a tunnel 602 or shaft, such as to back-fill a mining shaft
after removal of a desired vein of ore.
[0106] Although certain steps have been described as
being performed by certain devices, processes, or enti-
ties, this need not be the case and a variety of alternative
implementations will be understood by those having
ordinary skill in the art.
[0107] Additionally, thosehavingordinary skill in the art
readily recognize that the techniques described above
can be utilized in a variety of devices, environments, and
situations. Although the present disclosure is written with
respect to specific embodiments and implementations,
various changes and modifications may be suggested to
one skilled in the art and it is intended that the present
disclosure encompass such changes and modifications
that fall within the scope of the appended claims.
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Claims

1. A method comprising:

accelerating one or more first projectiles into
contact with a first region of geologic material,
wherein:

the geologic material includes a second
region that encloses the first region; and
a first interaction between the one or more
first projectiles and the first region weakens
geologic material at the first region and
forms a first void by displacing geologic
material;

determining data indicative of propagation of an
acoustic signal (1702) associated with the first
interaction through the geologic material;
determining a characteristic of one or more of
the first region or the second region of the geo-
logicmaterial based on the data indicative of the
propagation of the acoustic signal (1702);
determining one or more of a projectile charac-
teristic (1712), a firing characteristic (1710), or a
location within the geologic material based on
the characteristic of the one or more of the first
region or the second region of the geologic
material; and
causing one or more of:

movement of a cutting tool (502) to contact
the location,
acceleration of one or more second projec-
tiles toward the location using the firing
characteristic (1710), or
use of the one or more second projectiles
comprising the projectile characteristic
(1712) to contact the location.

2. The method of claim 1, further comprising:
accelerating the one or more second projectiles into
contact with one or more of the first region or the
second region, wherein:

a second interaction between the one or more
second projectiles and the one or more of the
first region or the second region applies a com-
pressive force to the geologic material;
thecompressive force interactswith thefirst void
to form a first tension force; and
the first tension force displaces at least a portion
of the geologicmaterial of the first region into the
first void.

3. The method of claim 2, further comprising:
before accelerating the one or more second projec-
tiles, contacting the second region with one or more

of: at least one third projectile or a material asso-
ciated with a preconditioning device, wherein a third
interactionassociatedwithoneormoreof theat least
one third projectile or the material associated with
the preconditioning device forms one or more sec-
ond voids that define a perimeter, and wherein the
compressive force interacts with the one or more
second voids to forma second tension force, and the
one or more second voids reduce interaction be-
tween the compressive force and geologic material
outside of the perimeter.

4. The method of claim 2, further comprising:
basedon thedata indicative of the propagation of the
acoustic signal, determining a characteristic of the
second region of the geologic material, wherein the
characteristic of the second region indicates one or
more of a porosity or a hardness, and wherein the
one or more second projectiles are accelerated in
response to a relationship between the one or more
of theporosity or the hardnessanda threshold value.

5. Themethod of any of claims 1‑3, further comprising:

positioning a portion of a first conveying system
within the first void, wherein debris from the
second interaction falls into contact with the
portion of the first conveying system; and
transporting at least a portion of the debris away
from the first region.

6. The method of claim 5, further comprising:

based on the data indicative of the propagation
of the acoustic signal, determining a first materi-
al at the first region and a secondmaterial at the
second region;
transporting debris associated with the first in-
teraction using a first conveying system; and
transporting debris associated with a second
interaction associated with one or more of the
cutting tool or theoneormore secondprojectiles
using a second conveying system.

7. Themethod of any of claims 1‑6, further comprising:

before accelerating the one or more first projec-
tiles, contacting the one or more of the first
region or the second region with the cutting tool
to displace geologic material from the one or
more of the first region or the second region;
determining, using one or more sensors, a sec-
ond characteristic of the one or more of the first
region or the second region of the geologic
material based on displacement of the geologic
material using the cutting tool; and
determining that the second characteristic cor-
responds to one ormore criteria for accelerating
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the one or more first projectiles into contact with
the first region, wherein the one or more first
projectiles are accelerated in response to the
determining that the second characteristic cor-
responds to the one or more criteria.

8. A system (100) for forming or extending a tunnel
(602) or shaft within geologic material, the system
(100) comprising:

a launch tube (1206) comprising an end for
orientation toward a first region of geologic ma-
terial, wherein the geologic material includes a
second region that encloses the first region;
a first projectile within the launch tube (1206);
a propellant material within the launch tube
(1206), wherein the propellant material is con-
figured to apply a force to the first projectile to
accelerate thefirst projectile intocontactwith the
first region of the geologic material, such that a
first interaction between the first projectile and
the first region weakens geologic material at the
first region and forms a first void by displacing
geologic material, and such that the first inter-
action between the first projectile and the first
region of the geologic material generates an
acoustic signal (1702);
an acoustic detector (1704) configured to deter-
mine data indicative of the acoustic signal
(1702);
a cutting tool (502) having at least one cutting
surface (504) that is movable to contact one or
more of the first region or the second region to
displace at least a portion of the geologic mate-
rial into the first void; and
one or more computing devices (1708) config-
ured to communicate with the acoustic detector
(1704), wherein the one or more computing
devices (1708) is configured to execute compu-
ter-executable instructions to:

based on the data indicative of the acoustic
signal (1702), determine a characteristic of
the one or more of the first region or the
second region of the geologic material;
determine one or more of a projectile char-
acteristic (1712), a firing characteristic
(1710), or a location of the geologicmaterial
based on the characteristic of the one or
more of the first region or the second region
of the geologic material; and
cause one or more of:

movement of the cutting tool (502) to
contact the location,
acceleration of one or more second
projectiles toward the location using
the firing characteristic (1710), or

use of the one or more second projec-
tiles comprising the projectile charac-
teristic (1712) to contact the location.

9. The system of claim 8, configured to cause a second
interaction between the cutting tool and the second
region which applies a compressive force to the
geologic material, such that:

thecompressive force interactswith thefirst void
to form a first tension force; and
the first tension force displaces the at least a
portion of the geologicmaterial into the first void.

10. The system of claim 9, further comprising:
a first conveying system at least partially position-
able within the first void such that debris displaced
using the cutting tool contacts the first conveying
system, the first conveying system configured to
transport at least a portion of the debris away from
the one or more of the first region or the second
region.

11. The system of claim 8, wherein the one or more
computing devices is configured to execute compu-
ter-executable instructions to:
after accelerating the first projectile into contact with
the first region of the geologic material, cause accel-
eration of the one or more second projectiles into
contact with the second region of the geologic ma-
terial;
such that:

a second interaction between the one or more
second projectiles and the second region ap-
plies a compressive force to the geologic mate-
rial;
thecompressive force interactswith thefirst void
to form a first tension force; and
the first tension force displaces geologic materi-
al into the first void.

12. The system of claim 8, further comprising:
a preconditioning tool orientable toward the second
region of the geologic material, and wherein the one
or more computing devices is configured to execute
computer-executable instructions to:

cause acceleration of material from the precon-
ditioning tool into contact with the second region
of the geologic material to form one or more
second voids that define a perimeter;
such that:

a compressive force associated with one or
more of the cutting tool or the one or more
second projectiles interacts with the one or
more second voids to form a tension force;
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the one or more second voids reduce inter-
action between the compressive force and
geologic material outside of the perimeter;
and
the tension force displaces geologic mate-
rial within the perimeter.

13. The system of claim 8, wherein the characteristic of
the one or more of the first region or the second
region of the geologic material includes one or more
of a porosity or a hardness, and the one or more
computing devices is configured to execute compu-
ter-executable instructions to:
determine a relationship between the one or more of
the porosity or the hardness and a threshold value,
wherein the one or more of the movement of the
cutting tool, the acceleration of the one or more
second projectiles, or the use of the one or more
second projectiles is caused in response to the re-
lationship between the one ormore of the porosity or
the hardness and the threshold value.

14. The system of claim 8, further comprising:

a first conveying system; and
a second conveying system,

wherein the one or more computing devices is con-
figured to execute computer-executable instructions
to:

based on the data indicative of the acoustic
signal, determine a first material at the first re-
gionandasecondmaterial at the second region;
actuate the first conveying system to transport
debris associated with the first interaction using
the first conveying system; and
actuate the second conveying system to trans-
port debris associated with a second interaction
associatedwith one ormore of the cutting tool or
the one or more second projectiles.

15. The system of claim 8, further comprising:
one or more sensors configured to determine a
characteristic of the one or more of the first region
or the second region of the geologic material based
on displacement of the geologic material using the
cutting tool,
wherein the one or more computing devices is con-
figured to execute computer-executable instructions
to:

before accelerating the first projectile, cause the
cutting tool to contact the one or more of the first
region or the second region to displace geologic
material;
determine, using the one or more sensors, a
second characteristic of the one or more of

the first region or the second region of the geo-
logic material based on displacement of the
geologic material using the cutting tool; and
determine that the second characteristic corre-
sponds to one or more criteria for accelerating
the first projectile into contact with the first re-
gion, such that the first projectile is accelerated
in response to the determining that the second
characteristic corresponds to the one or more
criteria.

Patentansprüche

1. Verfahren, umfassend:
Beschleunigen eines odermehrerer erster Projektile
in Kontakt mit einem ersten Bereich aus geologi-
schem Material, wobei:

das geologischeMaterial einen zweiten Bereich
einschließt, der den ersten Bereich umschließt;
und
eineersteWechselwirkungzwischendemeinen
oder den mehreren ersten Projektilen und dem
ersten Bereich geologisches Material im ersten
Bereich schwächt und durch Verdrängen von
geologischem Material einen ersten Hohlraum
bildet;
Bestimmen von Daten, die auf die Ausbreitung
eines mit der ersten Interaktion verbundenen
akustischen Signals (1702) durch das geologi-
sche Material hinweisen;
Bestimmen einer Eigenschaft eines oder meh-
rerer des ersten oder des zweiten Bereichs des
geologischen Materials auf der Grundlage der
Daten, die dieAusbreitung des akustischenSig-
nals anzeigen (1702);
Bestimmen einer oder mehrerer Projekteigen-
schaft(en) (1712), einer Abschusseigenschaft
(1710) oder einer Stelle innerhalb des geologi-
schen Materials basierend auf der Eigenschaft
des einen oder mehrerer des ersten oder des
zweiten Bereichs des geologischen Materials;
und
Verursacheneinesodermehrerer der folgenden
Ereignisse:

Bewegung eines Schneidwerkzeugs (502)
zum Kontaktieren der Stelle,
Beschleunigeneinesodermehrerer zweiter
Projektile in Richtung der Stelle unter Ver-
wendung der Abschusseigenschaft (1710),
oder
Verwendung des einen oder der mehreren
zweiten Projektile mit der Projektileigen-
schaft (1712), umdieStelle zukontaktieren.

2. Verfahren nach Anspruch 1, ferner umfassend:
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Beschleunigen des einen oder der mehreren zwei-
ten Projektile in Kontakt mit einem oder mehreren
des ersten Bereichs oder des zweiten Bereichs,
wobei:

eine zweite Wechselwirkung zwischen dem ei-
nen oder den mehreren zweiten Projektilen und
dem einen oder den mehreren des ersten Be-
reichs oder des zweiten Bereichs eine Druck-
kraft auf das geologische Material ausübt;
die Druckkraft mit dem ersten Hohlraum inter-
agiert, um eine erste Zugkraft zu bilden;
und
die erste Zugkraft zumindest einen Teil des geo-
logischen Materials der ersten Region in den
ersten Hohlraum verdrängt.

3. Verfahren nach Anspruch 2, ferner umfassend:
vor dem Beschleunigen des einen oder der mehre-
ren zweiten Projektile Kontaktieren des zweiten Be-
reichs mit einem oder mehreren der folgenden Ele-
mente: mindestens einem dritten Projektil oder ei-
nem mit einer Vorkonditionierungsvorrichtung ver-
bundenenMaterial, wobei eine dritte Interaktion, die
mit einem oder mehreren des mindestens einen
dritten Projektils oder dem mit der Vorkonditionie-
rungsvorrichtung verbundenen Material verbunden
ist, einen odermehrere zweite Hohlräume bildet, die
einen Umfang definieren, und wobei die Druckkraft
mit dem einen oder den mehreren zweiten Hohlräu-
men interagiert, um eine zweite Zugkraft zu bilden,
und der eine oder die mehreren zweiten Hohlräume
die Interaktion zwischen der Druckkraft und geologi-
schemMaterial außerhalb des Umfangs verringern.

4. Verfahren nach Anspruch 2, ferner umfassend:
Bestimmen einer Eigenschaft des zweiten Bereichs
des geologischen Materials basierend auf den Da-
ten, die die Ausbreitung des akustischen Signals
anzeigen, wobei die Eigenschaft des zweiten Be-
reichs eine odermehrere der folgenden Eigenschaf-
ten anzeigt: Porosität und/oderHärte, undwobei das
eine oder die mehreren zweiten Projektile als Reak-
tion auf eine Beziehung zwischen einem oder meh-
reren von Porosität oder Härte und einem Schwel-
lenwert beschleunigt werden.

5. Verfahren nach einem der Ansprüche 1 bis 3, ferner
umfassend:

Positionieren eines Teils eines ersten Förder-
systems innerhalbdeserstenHohlraums,wobei
Ablagerungen aus der zweiten Interaktion mit
dem Teil des ersten Fördersystems in Kontakt
kommen; und
Abtransportieren von zumindest einem Teil der
Ablagerungen aus dem ersten Bereich.

6. Verfahren nach Anspruch 5, ferner umfassend:

BestimmeneineserstenMaterials indemersten
Bereich und eines zweiten Materials in dem
zweiten Bereich, basierend auf den Daten, die
die Ausbreitung des akustischen Signals anzei-
gen;
Abtransportieren von mit der ersten Interaktion
verbundenen Ablagerungen unter Verwendung
eines ersten Fördersystems;
und
Abtransportieren von Ablagerungen im Zusam-
menhang mit einer zweiten Interaktion im Zu-
sammenhang mit einem oder mehreren der
Schneidwerkzeuge oder den einem oder meh-
reren zweiten Projektilen unter Verwendung ei-
nes zweiten Fördersystems.

7. Verfahren nach einem der Ansprüche 1 bis 6, ferner
umfassend:

vor dem Beschleunigen des einen oder der
mehreren ersten Projektile, Kontaktieren des
einen oder der mehreren des ersten Bereichs
oder des zweiten Bereichs mit dem Schneid-
werkzeug, um geologisches Material aus dem
einen oder den mehreren des ersten Bereichs
oder des zweiten Bereichs zu verdrängen;
Bestimmeneiner zweitenEigenschaft deseinen
oder mehrerer des ersten Bereichs oder des
zweiten Bereichs des geologischen Materials
unter Verwendung eines oder mehrerer Senso-
ren basierend auf der Verdrängung des geologi-
schen Materials unter Verwendung des
Schneidwerkzeugs; und
Bestimmen, dass die zweite Eigenschaft einem
oder mehreren Kriterien zum Beschleunigen
des einen oder der mehreren ersten Projektile
in Kontakt mit dem ersten Bereich entspricht,
wobei das eine oder die mehreren ersten Pro-
jektile alsReaktion auf dasBestimmen, dass die
zweite Eigenschaft dem einen oder den mehre-
ren Kriterien entspricht, beschleunigt werden.

8. System (100) zum Bilden oder Erweitern eines Tun-
nels (602) oder Schachts in geologischem Material,
wobei das System (100) umfasst:

ein Startrohr (1206) mit einem Ende zur Aus-
richtung auf einen ersten Bereich aus geologi-
schemMaterial,wobei dasgeologischeMaterial
einen zweiten Bereich einschließt, der den ers-
ten Bereich umschließt;
ein erstes Projektil innerhalb des Startrohrs
(1206);
ein Treibmittelmaterial innerhalb des Startrohrs
(1206), wobei das Treibmittelmaterial dazu aus-
gebildet ist, eine Kraft auf das erste Projektil
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auszuüben, umdaserste Projektil in Kontaktmit
dem ersten Bereich des geologischenMaterials
zu beschleunigen, so dass eine erste Wechsel-
wirkung zwischen dem ersten Projektil und dem
ersten Bereich geologisches Material in dem
ersten Bereich schwächt und durch Verdrängen
von geologischem Material einen ersten Hohl-
raum bildet, und so dass die erste Wechselwir-
kung zwischen dem ersten Projektil und dem
ersten Bereich des geologischen Materials ein
akustisches Signal (1702) erzeugt;
einen Akustikdetektor (1704), der dazu konfigu-
riert ist, Daten zu ermitteln, die auf das Akustik-
signal (1702) hinweisen;
ein Schneidwerkzeug (502) mit mindestens ei-
ner Schneidoberfläche (504), die beweglich ist,
um mit einem oder mehreren des ersten Be-
reichs und des zweiten Bereichs in Kontakt zu
kommen, um mindestens einen Teil des geolo-
gischen Materials in den ersten Hohlraum zu
verdrängen; und
eine oder mehrere Rechenvorrichtungen
(1708), die dazu konfiguriert sind,mit demakus-
tischen Detektor (1704) zu kommunizieren, wo-
bei die eine oder die mehreren Rechenvorrich-
tungen (1708) dazu konfiguriert sind, computer-
ausführbare Anweisungen auszuführen zum:

Bestimmen einer Eigenschaft des einen
oder mehrerer des ersten Bereichs oder
des zweiten Bereichs des geologischen
Materials, basierend auf den Daten, die
das akustische Signal (1702) anzeigen;
Bestimmen einer oder mehrerer der folgen-
den Eigenschaften: Projekteigenschaft
(1712), Abschusseigenschaft (1710) oder
Position des geologischen Materials basie-
rend auf der Eigenschaft der einen oder
mehreren des ersten oder des zweiten Be-
reichs des geologischen Materials; und
Verursachen eines oder mehrerer der fol-
genden Ereignisse:

Bewegen des Schneidwerkzeugs
(502) zum Kontaktieren der Stelle,
Beschleunigen eines oder mehrerer
zweiter Projektile in Richtung der Stelle
unterVerwendungderAbschusseigen-
schaft (1710), oder
Verwendung des einen oder der meh-
reren zweiten Projektile mit der Projek-
tileigenschaft (1712), um die Stelle zu
kontaktieren.

9. System nach Anspruch 8, das dazu konfiguriert ist,
eine zweite Wechselwirkung zwischen dem
Schneidwerkzeug und dem zweiten Bereich hervor-
zurufen, die eine Druckkraft auf das geologische

Material ausübt, sodass: die Druckkraft mit dem
ersten Hohlraum interagiert, um eine erste Zugkraft
zu bilden; und die erste Zugkraft zumindest einen
Teil des geologischen Materials in den ersten Hohl-
raum verdrängt.

10. System nach Anspruch 9, ferner umfassend:
ein erstes Fördersystem, das zumindest teilweise
innerhalbdeserstenHohlraumspositionierbar ist, so
dassmithilfe des Schneidwerkzeugs verdrängte Ab-
lagerungenmit dem ersten Fördersystem in Kontakt
kommen, wobei das erste Fördersystem dazu kon-
figuriert ist, zumindest einen Teil der Ablagerungen
von dem einen oder mehreren des ersten Bereichs
oder des zweiten Bereichs weg zu transportieren.

11. System nach Anspruch 8, wobei die eine oder die
mehrerenRechenvorrichtungen sokonfiguriert sind,
dass sie computerausführbare Anweisungen aus-
führen zum:

Bewirken einer Beschleunigung des einen oder
dermehrerenzweitenProjektilebis zumKontakt
mit dem zweiten Bereich des geologischen Ma-
terials, nach der Beschleunigung des ersten
Projektils in Kontakt mit dem ersten Bereich
des geologischen Material;
so dass:

eine zweiteWechselwirkung zwischen dem
einen oder den mehreren zweiten Projekti-
len und dem zweiten Bereich eine Druck-
kraft auf das geologische Material ausübt;
die Druckkraft mit dem ersten Hohlraum
interagiert, umeineersteZugkraft zubilden;
und
die erste Zugkraft geologisches Material in
den ersten Hohlraum verdrängt.

12. System nach Anspruch 8, ferner umfassend:
einVorkonditionierungswerkzeug, das auf den zwei-
ten Bereich des geologischen Materials ausrichtbar
ist, und wobei die eine oder die mehreren Rechen-
vorrichtungen so konfiguriert sind, dass sie compu-
terausführbare Anweisungen ausführen zum:

Beschleunigen von Material aus dem Vorbe-
handlungswerkzeug in Kontaktmit dem zweiten
Bereich des geologischen Materials, um einen
oder mehrere zweite Hohlräume zu bilden, die
einen Umfang definieren;
so dass:

einemit einem odermehreren der Schneid-
werkzeuge oder den einen oder mehreren
zweiten Projektilen verbundene Druckkraft
mit den einen oder mehreren zweiten Hohl-
räumen interagiert, um eine Zugkraft zu
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bilden;
der eine oder die mehreren zweiten Hohl-
räume die Wechselwirkung zwischen der
Druckkraft und dem geologischen Material
außerhalb des Umfangs verringern; und
die Zugkraft geologisches Material inner-
halb des Umfangs verdrängt.

13. SystemnachAnspruch 8,wobei die Eigenschaft des
einen oder mehrerer des ersten oder des zweiten
BereichsdesgeologischenMaterials eineodermeh-
rere der folgenden Eigenschaften einschließt: Poro-
sität oder Härte, und die eine oder die mehreren
Rechenvorrichtungen so konfiguriert sind, dass sie
computerausführbare Anweisungen ausführen
zum:
Bestimmen einer Beziehung zwischen der einen
oder mehreren der Porosität oder der Härte und
einem Schwellenwert, wobei die eine oder mehrere
der Bewegung des Schneidwerkzeugs, der Be-
schleunigung der einen odermehreren zweiten Pro-
jektile oder der Verwendung der einen oder mehre-
ren zweiten Projektile als Reaktion auf die Bezie-
hung zwischen der Porosität und/oder der Härte und
dem Schwellenwert bewirkt werden.

14. System nach Anspruch 8, ferner umfassend:

ein erstes Fördersystem; und
ein zweites Fördersystem,
wobei die eine oder die mehreren Rechenvor-
richtungen so konfiguriert sind, dass sie compu-
terausführbare Anweisungen ausführen zum:

Bestimmen eines erstes Materials in dem
ersten Bereich und eines zweiten Materials
in dem zweiten Bereich, basierend auf den
Daten, die das akustische Signal anzeigen;
Betätigen des ersten Fördersystems, um
mit der ersten Interaktion verbundeneAbla-
gerungen unter Verwendung des ersten
Fördersystems abzutransportieren; und
Betätigen des zweiten Fördersystems, um
Ablagerungen abzutransportieren, die mit
einer zweiten Interaktion verbunden sind,
die mit einem oder mehreren der Schneid-
werkzeuge oder dem einem oder den meh-
reren zweiten Projektilen verbunden ist.

15. System nach Anspruch 8, ferner umfassend:

einen oder mehrere Sensoren, die dazu konfi-
guriert sind, eine Eigenschaft des einen oder
mehrerer des ersten Bereichs oder des zweiten
Bereichs des geologischenMaterials basierend
auf der Verdrängung des geologischen Mate-
rials mittels des Schneidwerkzeugs zu bestim-
men,

wobei die eine oder die mehreren Rechenvor-
richtungen so konfiguriert sind, dass sie compu-
terausführbare Anweisungen ausführen zum:

Bewirken, dass das Schneidwerkzeug vor
dem Beschleunigen des ersten Projektils
mit einem oder mehreren des ersten Be-
reichs oder des zweitenBereichs in Kontakt
kommt, um geologisches Material zu
verdrängen;
Bestimmen einer zweiten Eigenschaft des
einen oder mehrerer des ersten Bereichs
oder des zweiten Bereichs des geologi-
schen Materials unter Verwendung des ei-
nen oder der mehreren Sensoren basie-
rend auf der Verdrängung des geologi-
schen Materials unter Verwendung des
Schneidwerkzeugs; und
Bestimmen, dass die zweite Eigenschaft
einem oder mehreren Kriterien zum Be-
schleunigendeserstenProjektils inKontakt
mit dem ersten Bereich entspricht, so dass
das erste Projektil als Reaktion auf die Be-
stimmung, dass die zweite Eigenschaft
demeinenoder denmehrerenKriterien ent-
spricht, beschleunigt wird.

Revendications

1. Procédé comprenant :
l’accélération d’un ou plusieurs premiers projectiles
en contact avec une première région de matériau
géologique, dans lequel :

le matériau géologique comporte une seconde
région qui entoure la première région ; et
unepremière interactionentre le ou les premiers
projectiles et la première région affaiblit le ma-
tériau géologique au niveau de la première ré-
gion et forme un premier vide en déplaçant le
matériau géologique ;
la détermination des données indiquant une
propagation d’un signal acoustique (1702) as-
socié à la première interaction à travers le ma-
tériau géologique ;
la détermination d’une caractéristique d’une ou
plusieurs régions parmi la première région ou la
seconde région du matériau géologique en
fonction des données indiquant la propagation
du signal acoustique (1702) ;
la détermination d’un ou plusieurs éléments
parmi une caractéristique de projectile (1712),
une caractéristique de tir (1710) ou un empla-
cement au sein dumatériau géologique en fonc-
tion de la caractéristique de la ou des régions
parmi la première région ou la seconde région
du matériau géologique ; et
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le fait de provoquer un ou plusieurs éléments
parmi :

le mouvement d’un outil de coupe (502)
pour entrer en contact avec l’emplacement,
l’accélération d’un ou de plusieurs deu-
xièmes projectiles vers l’emplacement à
l’aide de la caractéristique de tir (1710), ou
l’utilisation du ou des deuxièmes projectiles
comprenant la caractéristique de projectile
(1712) pour entrer en contact avec l’empla-
cement.

2. Procédé selon la revendication 1, comprenant en
outre :
l’accélération du ou des deuxièmes projectiles en
contact avec une ou plusieurs régions parmi la pre-
mière région ou la seconde région, dans lequel :

une deuxième interaction entre le ou les deu-
xièmes projectiles et la ou les régions parmi la
première région ou la seconde région applique
une force de compression au matériau géolo-
gique ;
la forcedecompression interagit avec lepremier
vide pour former une première force de tension ;
et
la première force de tension déplace au moins
une partie du matériau géologique de la pre-
mière région dans le premier vide.

3. Procédé selon la revendication 2, comprenant en
outre :
avant l’accélération du ou des deuxièmes projecti-
les, la mise en contact de la seconde région avec un
ou plusieurs éléments parmi : au moins un troisième
projectile ou un matériau associé à un dispositif de
préconditionnement, dans lequel une troisième in-
teraction associée à un ou plusieurs éléments parmi
l’au moins un troisième projectile ou le matériau
associé au dispositif de préconditionnement forme
un ou plusieurs seconds vides qui définissent un
périmètre, et dans lequel la force de compression
interagit avec le ou les seconds vides pour former
une seconde force de tension, et le ou les seconds
vides réduisent l’interaction entre la force de
compression et le matériau géologique à l’extérieur
du périmètre.

4. Procédé selon la revendication 2, comprenant en
outre :
en fonction des données indiquant la propagation du
signal acoustique, la détermination d’une caracté-
ristique de la seconde région du matériau géolo-
gique, dans lequel la caractéristique de la seconde
région indique un ou plusieurs éléments parmi une
porosité ou une dureté, et dans lequel le ou les
deuxièmes projectiles sont accélérés en réponse à

une relation entre le ou les éléments parmi la poro-
sité ou la dureté et une valeur seuil.

5. Procédé selon l’une quelconque des revendications
1 à 3, comprenant en outre :

le positionnement d’une partie d’un premier sys-
tème d’acheminement à l’intérieur du premier
vide, dans lequel les débris de la deuxième
interaction entrent en contact avec la partie du
premier système d’acheminement ; et
le transport d’au moins une partie des débris à
l’écart de la première région.

6. Procédé selon la revendication 5, comprenant en
outre :

en fonction des données indiquant la propaga-
tion du signal acoustique, la détermination d’un
premier matériau au niveau de la première ré-
gion et d’un second matériau au niveau de la
seconde région ;
le transport des débris associés à la première
interaction à l’aide d’un premier système d’a-
cheminement ;
et
le transport desdébris associés àunedeuxième
interaction associée à un ou plusieurs éléments
parmi l’outil de coupe ou le ou les deuxièmes
projectiles à l’aide d’un second système d’ache-
minement.

7. Procédé selon l’une quelconque des revendications
1 à 6, comprenant en outre :

avant l’accélération du ou des premiers projec-
tiles, la mise en contact de la ou des régions
parmi la première région ou la seconde région
avec l’outil de coupe pour déplacer le matériau
géologique de la ou des régions parmi la pre-
mière région ou la seconde région ;
la détermination, à l’aide d’un ou plusieurs cap-
teurs, d’une seconde caractéristique de la ou
des régions parmi la première région ou la se-
conde région du matériau géologique en fonc-
tion du déplacement du matériau géologique à
l’aide de l’outil de coupe ; et
le fait de déterminer que la seconde caractéris-
tique correspond à un ou plusieurs critères d’ac-
célération du ou des premiers projectiles en
contact avec la première région, dans lequel
le ou les premiers projectiles sont accélérés
en réponse au fait de déterminer que la seconde
caractéristique correspond au ou aux critères.

8. Système (100) de formation ou de prolongation d’un
tunnel (602) ou d’un puits au sein du matériau géo-
logique, le système (100) comprenant :
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un tube de lancement (1206) comprenant une
extrémité orientée vers une première région de
matériau géologique, dans lequel le matériau
géologique comporte une seconde région qui
entoure la première région ;
un premier projectile au sein du tube de lance-
ment (1206) ;
un matériau propulseur au sein du tube de lan-
cement (1206), dans lequel le matériau propul-
seur est conçu pour appliquer une force sur le
premier projectile afin d’accélérer le premier
projectile en contact avec la première région
du matériau géologique, de telle sorte qu’une
première interaction entre le premier projectile
et la première région affaiblit le matériau géolo-
gique au niveau de la première région et forme
un premier vide en déplaçant le matériau géo-
logique, et de telle sorte que la première inter-
action entre le premier projectile et la première
région dumatériau géologique génère un signal
acoustique (1702) ;
un détecteur acoustique (1704) configuré pour
déterminer des données indiquant le signal
acoustique (1702) ;
un outil de coupe (502) ayant au moins une
surface de coupe (504) qui est mobile pour
entrer en contact avec une ou plusieurs régions
parmi la première région ou la seconde région
afin de déplacer au moins une partie du maté-
riau géologique dans le premier vide ; et
un ou plusieurs dispositifs informatiques (1708)
configurés pour communiquer avec le détecteur
acoustique (1704), dans lequel le ou les dispo-
sitifs informatiques (1708) sont configurés pour
exécuter des instructions exécutables par ordi-
nateur pour :

en fonction des données indiquant le signal
acoustique (1702), déterminer une carac-
téristique de la ou des régions parmi la
première région ou la seconde région du
matériau géologique ;
déterminer un ou plusieurs éléments parmi
une caractéristique de projectile (1712),
une caractéristique de tir (1710) ou un em-
placement dumatériau géologique en fonc-
tion de la caractéristique de la ou des ré-
gions parmi la première région ou la se-
conde région du matériau géologique ; et
provoquer un ou plusieurs parmi :

le mouvement de l’outil de coupe (502)
pour entrer en contact avec l’emplace-
ment,
l’accélération d’un ou de plusieurs deu-
xièmes projectiles vers l’emplacement
à l’aide de la caractéristique de tir
(1710), ou

l’utilisation du ou des deuxièmes pro-
jectiles comprenant la caractéristique
de projectile (1712) pour entrer en
contact avec l’emplacement.

9. Système selon la revendication 8, configuré pour
provoquer une deuxième interaction entre l’outil de
coupe et la seconde région qui applique une force de
compression sur le matériau géologique, de telle
sorte que : la force de compression interagit avec
le premier vide pour former une première force de
tension ; et la première force de tension déplace l’au
moins une partie du matériau géologique dans le
premier vide.

10. Système selon la revendication 9, comprenant en
outre :
un premier système d’acheminement pouvant être
aumoinspartiellementpositionnéauseindupremier
videde telle sortequedesdébris déplacésà l’aidede
l’outil de coupe entrent en contact avec le premier
système d’acheminement, le premier système d’a-
cheminement étant conçu pour transporter aumoins
une partie des débris à l’écart de la ou des régions
parmi la première région ou la seconde région.

11. Système selon la revendication 8, dans lequel le ou
les dispositifs informatiques sont configurés pour
exécuter des instructionsexécutablesparordinateur
pour :

après l’accélération du premier projectile en
contact avec la première région de la couche
de matériau
géologique, provoquer l’accélération du ou des
deuxièmes projectiles en contact avec la se-
conde région du matériau géologique ;
de telle sorte que :

une deuxième interaction entre le ou les
deuxièmes projectiles et la seconde région
applique une force de compression sur le
matériau géologique ;
la force de compression interagit avec le
premier vide pour former une première
force de tension ; et
la première force de tension déplace le
matériau géologique dans le premier vide.

12. Système selon la revendication 8, comprenant en
outre :
un outil de préconditionnement orientable vers la
seconde région du matériau géologique, et dans
lequel le ou les dispositifs informatiques sont confi-
gurés pour exécuter des instructions exécutables
par ordinateur pour :

provoquer l’accélération du matériau de l’outil
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de préconditionnement en contact avec la se-
conde région du matériau géologique pour for-
mer un ou plusieurs seconds vides qui définis-
sent un périmètre ;
de telle sorte que :

une force de compression associée à un ou
plusieurs parmi l’outil de coupe ou le ou les
deuxièmes projectiles interagit avec le ou
les seconds vides pour former une force de
tension ;
le ou les seconds vides réduisent l’interac-
tion entre la force de compression et le
matériau géologique à l’extérieur du péri-
mètre ; et
la force de tension déplace le matériau
géologique au sein du périmètre.

13. Système selon la revendication 8, dans lequel la
caractéristique de la ou des régions parmi la pre-
mière région ou la seconde région du matériau géo-
logique comporte un ou plusieurs éléments parmi
une porosité ou une dureté, et le ou les dispositifs
informatiques sont configurés pour exécuter des
instructions exécutables par ordinateur pour :

déterminer une relation entre le ou les éléments
parmi la porosité ou la dureté et une valeur seuil,
dans lequel le ou les éléments parmi le mouve-
ment de l’outil de coupe, l’accélérationduoudes
deuxièmes projectiles ou l’utilisation du ou des
deuxièmes
projectiles sont provoqués en réponse à la rela-
tion entre le ou les éléments parmi la porosité ou
la dureté et la valeur seuil.

14. Système selon la revendication 8, comprenant en
outre :

un premier système d’acheminement ; et
un second système d’acheminement,
dans lequel le ou les dispositifs informatiques
sont configurés pour exécuter des instructions
exécutables par ordinateur pour :

en fonction des données indiquant le signal
acoustique, déterminer un premier maté-
riau au niveau de la première région et un
second matériau au niveau de la seconde
région ;
actionner le premier système d’achemine-
ment pour transporter les débris associés à
la première interaction à l’aide du premier
système d’acheminement ; et
actionner le second système d’achemine-
ment pour transporter les débris associés à
une deuxième interaction associée à un ou
plusieurs éléments parmi l’outil de coupeou

le ou les deuxièmes projectiles.

15. Système selon la revendication 8, comprenant en
outre :

un ou plusieurs capteurs configurés pour déter-
miner une caractéristique de la ou des régions
parmi la première région ou la seconde région
du matériau géologique en fonction du dépla-
cement dumatériau géologique à l’aide de l’outil
de coupe,
dans lequel le ou les dispositifs informatiques
sont configurés pour exécuter des instructions
exécutables par ordinateur pour :

avant l’accélération du premier projectile,
provoquer l’entrée en contact de l’outil de
coupe avec la ou les régions parmi la pre-
mière région ou la seconde région afin de
déplacer le matériau géologique ;
déterminer, à l’aide du ou des capteurs, une
seconde caractéristique de la ou des ré-
gions parmi la première région ou la se-
conde région du matériau géologique en
fonction du déplacement du matériau géo-
logique à l’aide de l’outil de coupe ; et
déterminer que la seconde caractéristique
correspond à un ou plusieurs critères d’ac-
célération du premier projectile en contact
avec la première région, de telle sorte que le
premier projectile est accéléré en réponse
au fait de déterminer que la seconde carac-
téristique correspond au ou aux critères.
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