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SYSTEMS AND METHODS FOR DETERMINING WATER DEPTH

AND EXPLOSIVE DEPTH IN BLASTHOLES

RELATED APPLICATIONS
[0001] This application claims priority to Australian Provisional Patent Application No.
2020904099, entitled SYSTEMS AND METHODS FOR DETERMINING WATER DEPTH
AND EXPLOSIVE DEPTH IN BLASTHOLES, filed November 10, 2020, which is hereby

incorporated by reference in its entirety.

TECHNICAL FIELD
[0002] The present disclosure relates generally to the field of explosives. More
specifically, the present disclosure relates to systems and methods for determining the

water depth and explosive depth in blastholes.

BRIEF DESCRIPTION OF THE DRAWINGS
[0003] The written disclosure herein describes illustrative embodiments that are non-
limiting and non-exhaustive. Reference is made to certain of such illustrative
embodiments that are depicted in the figures, in which:
[0004] FIG. 1 illustrates a side view of one embodiment of a mobile processing unit
equipped with an explosives delivery system that includes a delivery apparatus for
delivering an explosive into a blasthole according to one embodiment of the present

disclosure.
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[0005] FIG. 2A illustrates a detailed side view of the delivery apparatus of FIG. 1, the
delivery apparatus having a plurality of level sensors disposed along an outer surface of
the delivery apparatus according to one embodiment of the present disclosure.

[0006] FIG. 2Biillustrates a detailed side view of a delivery apparatus having a plurality
of level sensors disposed near a distal end of the delivery apparatus according to another
embodiment of the present disclosure.

[0007] FIG. 3A illustrates a detailed front view of one of the plurality of level sensors
disposed along a delivery apparatus according to one embodiment of the present
disclosure.

[0008] FIG. 3B illustrates a detailed side view of the level sensor of FIG. 3A.

[0009] FIG. 4 illustrates a top view of a delivery apparatus with a plurality of level
sensors disposed along an outer surface of the delivery apparatus according to one
embodiment of the present disclosure.

[0010] FIG. 5A illustrates a side view of a dipping cable having a plurality of level
sensors disposed along an outer surface of the cable according to another embodiment
of the present disclosure.

[0011] FIG. 5B illustrates a side view of a dipping cable having a plurality of level
sensors disposed near a distal end of the dipping cable according to another embodiment
of the present disclosure.

[0012] FIG. 6 illustrates a side view of a delivery apparatus having a plurality of level
sensors disposed along an outer surface and a communication medium that
communicates with the plurality of level sensors according to another embodiment of the

present disclosure.
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[0013] FIG. 7 illustrates a detailed front view of one of the plurality of level sensors
with a transmitter to communicate with the communication medium of FIG. 6.

[0014] FIG. 8 illustrates a side view of a cable having a plurality of level sensors
disposed along an outer surface and a communication medium that communicates with
the plurality of level sensors according to another embodiment of the present disclosure.
[0015] FIG. 9 illustrates a delivery apparatus lowered into a blasthole and performing
a dipping operation to determine the depth of the blasthole and determine the presence
and level of water in the blasthole according to an embodiment of the present disclosure.
[0016] FIG. 10 illustrates a chart of data collected by a plurality of level sensors
disposed on an outer surface of the delivery apparatus of FIG. 9.

[0017] FIG. 11 illustrates a delivery apparatus lowered into a blasthole and loading the
blasthole with an explosive according to an embodiment of the present disclosure.
[0018] FIG. 12 illustrates a chart of data collected by a plurality of level sensors
disposed on an outer surface of the delivery apparatus of FIG. 11.

[0019] FIG. 13 illustrates a delivery apparatus lowered into a blasthole and loading the
blasthole with explosive and being partially retracted from the blasthole according to an
embodiment of the present disclosure.

[0020] FIG. 14 illustrates a chart of data collected by a plurality of level sensors
disposed on an outer surface of the delivery apparatus of FIG. 13.

[0021] FIG. 15 illustrates a flow chart of dipping and loading a blasthole according to
an embodiment of the present disclosure.

[0022] FIG. 16 illustrates a flow chart of dipping and baiting a blasthole according to

an embodiment of the present disclosure.
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[0023] FIG. 17 illustrates an example computer architecture that facilitates operation
of the principles described herein according to one embodiment of the present disclosure.
[0024] FIG. 18 illustrates a detailed view of a distal portion of a delivery apparatus
according to one embodiment of the present disclosure.

[0025] FIG. 19 illustrates an exploded view of the distal portion of the delivery
apparatus of FIG. 18.

[0026] FIG. 20 illustrates a cross-sectional view of the distal portion of the delivery

apparatus of FIG. 18.

DETAILED DESCRIPTION

[0027] Explosives are commonly used in the mining, quarrying, and excavation
industries for breaking rocks and ore. Generally, a hole, referred to as a “blasthole,” is
drilled in a surface, such as the ground. A plurality of blastholes may be drilled during the
drilling process. During the drilling of the blasthole, the dimensions of the blasthole are
usually obtained, for example, the depth of the blasthole, the diameter of the blasthole,
the volume of the blasthole, the rock hardness of the ground, and various other
dimensions and characteristics of the blasthole and the surrounding ground.

[0028] After the blasthole is drilled, the blasthole may be dipped. Dipping is the
process of checking the readiness of the blasthole for blasting and may include confirming
the depth of the blasthole, checking the structural integrity of the blasthole, and checking
for the presence and level of water in the blasthole.

[0029] Typically, after the blasthole is dipped, the blasthole is baited. Baiting (or

priming) is the process of loading a denotator and booster into the blasthole.
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[0030] Typically, after the blasthole is baited, the blasthole is loaded with an explosive.
A variety of different kinds of explosives may then be loaded into the blasthole. The
explosives may be loaded in various ways, such as, for example, by pumping the
explosive into the blasthole or auguring the explosive into the blasthole. Exemplary
explosives may include sensitized emulsion explosives, ammonium nitrate/fuel oil
(ANFO) explosives, or blends thereof (including heavy ANFO or other ANFO blends).
Water gel explosives can also be used. Typically, emulsion explosives are pumped into
the blasthole and ANFO explosives are augured or pumped into the blasthole.

[0031] Emulsion explosives are generally transported to a job site as an emulsion
matrix that is too dense to completely detonate. In general, the emulsion matrix needs to
be “sensitized” in order for the emulsion explosive to detonate successfully. Sensitizing is
often accomplished by introducing a sensitizing agent that either provides or generates
small voids into the emulsion matrix. These voids reduce the density of the emulsion
explosive and also act as hot spots for propagating detonation. The sensitizing agent may
be gas bubbles introduced by blowing a gas into the emulsion matrix, hollow
microspheres or other porous media, and/or chemical gassing agents that are injected
into and react with the emulsion matrix and thereby form gas bubbles. With chemical
gassing agents, a certain amount of time is generally required before “gassing’ is
complete. For purposes of this disclosure, once a sensitizing agent is fully mixed with an
emulsion matrix, the resulting emulsion is considered an emulsion explosive and
sensitized, even though sensitization may not be complete for a certain amount of time.
[0032] ANFO explosives are generally transported to the job site as ammonium nitrate

prill that does not detonate successfully without the additional of a fuel oil. Blends of ANFO
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explosives and emulsion explosives can also be used, such as heavy ANFO or other
ANFO blends.

[0033] For vertical blastholes, depending upon the length, detonators may be placed
at the end, also referred to as the “toe,” of the blasthole and at the top of the emulsion
explosives. Often, in such situations, the top of the blasthole will not be filled with
explosives, but will be filled with an inert material, referred to as “stemming,” to try to keep
the force of an explosion within the material surrounding the blasthole, rather than
allowing explosive gases and energy to escape out of the open end of the blasthole.
[0034] Systems for delivering explosives and methods related thereto are disclosed
herein. It will be readily understood that the components of the embodiments as generally
described below and illustrated in the Figures herein could be arranged and designed in
a wide variety of different configurations. Thus, the following more detailed description of
various embodiments, as described below and represented in the Figures, is not intended
to limit the scope of the disclosure, but is merely representative of various embodiments.
While the various aspects of the embodiments are presented in drawings, the drawings
are not necessarily drawn to scale unless specifically indicated.

[0035] The phrase “coupled to” refers to any form of interaction between two or more
entities, including mechanical, electrical, magnetic, electromagnetic, fluid, and thermal
interaction. Likewise, “fluidically connected to” refers to any form of fluidic interaction
between two or more entities. Two entities may interact with each other even though they
are not in direct contact with each other. For example, two entities may interact with each

other through an intermediate entity.
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[0036] The term “substantially” is used herein to mean almost and including 100%,
including at least about 80%, at least about 90%, at least about 91%, at least about 92%,
at least about 93%, at least about 94%, at least about 95%, at least about 96%, at least
about 97%, at least about 98%, and at least about 99%.

[0037] The term “proximal” is used herein to refer to “near” or “at” the object disclosed.
For example, “proximal the outlet of the delivery conduit” refers to near or at the outlet of
the delivery conduit.

[0038] Embodiments and implementations of explosive delivery systems and methods
described herein may include various steps, which may be embodied in machine-
executable instructions to be executed by a computer system. A computer system may
include one or more general-purpose or special-purpose computers (or other electronic
devices). The computer system may include hardware components that include specific
logic for performing the steps or may include a combination of hardware, software, and/or
firmware.

[0039] Embodiments may be provided as a computer program product including a
computer-readable medium having stored thereon instructions that may be used to
program a computer system or other electronic device to perform the processes
described herein. The computer-readable medium may include, but is not limited to: hard
drives, floppy diskettes, optical disks, CD-ROMs, DVD-ROMs, ROMs, RAMs, EPROMs,
EEPROMs, magnetic or optical cards, solid-state memory devices, or other types of
media/computer-readable media suitable for storing electronic instructions.

[0040] Computer systems and the computers in a computer system may be connected

via a network. Suitable networks for configuration and/or use as described herein include
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one or more local area networks, wide area networks, metropolitan area networks, and/or
Internet or IP networks, such as the World Wide Web, a private Internet, a secure Internet,
a value-added network, a virtual private network, an extranet, an intranet, or even stand-
alone machines that communicate with other machines by physical transport of media. In
particular, a suitable network may be formed from parts or entireties of two or more other
networks, including networks using disparate hardware and network communication
technologies.

[0041] One suitable network includes a server and several clients; other suitable
networks may contain other combinations of servers, clients, and/or peer-to-peer nodes,
and a given computer system may function both as a client and as a server. Each network
includes at least two computers or computer systems, such as the server and/or clients.
A computer system may include a workstation, laptop computer, disconnectable mobile
computer, server, mainframe, cluster, so-called “network computer” or “thin client,” tablet,
smart phone, personal digital assistant or other hand-held computing device, “smart”
consumer electronics device or appliance, medical device, or a combination thereof.
[0042] Suitable networks may include communications or networking software, such
as the software available from Novell®, Microsoft®, and other vendors, and may operate
using TCP/IP, SPX, IPX, and other protocols over twisted pair, coaxial, or optical fiber
cables; telephone lines; radio waves; satellites; microwave relays; modulated AC power
lines; physical media transfer; and/or other data transmission “wires” known to those of
skill in the art. The network may encompass smaller networks and/or be connectable to

other networks through a gateway or similar mechanism.
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[0043] Each computer system includes one or more processors and/or memory;
computer systems may also include various input devices and/or output devices. The
processor may include a general-purpose device, such as an Intel®, AMD®, or other “off-
the-shelf” microprocessor. The processor may include a special-purpose processing
device, such as an ASIC, an SoC, an SiP, an FPGA, a PAL, a PLA, an FPLA, a PLD, or
other customized or programmable device. The memory may include static RAM,
dynamic RAM, flash memory, one or more flip-flops, ROM, CD-ROM, disk, tape,
magnetic, optical, or another computer storage medium. The input device(s) may include
a keyboard, mouse, touch screen, light pen, tablet, microphone, sensor, or other
hardware with accompanying firmware and/or software. The output device(s) may include
a monitor or other display, printer, speech or text synthesizer, switch, signal line, or other
hardware with accompanying firmware and/or software.

[0044] The computer systems may be capable of using a floppy drive, a tape drive, an
optical drive, a magneto-optical drive, or other means to read a storage medium. A
suitable storage medium includes a magnetic, an optical, or other computer-readable
storage device having a specific physical configuration. Suitable storage devices include
floppy disks, hard disks, tape, CD-ROMs, DVDs, PROMs, RAM, flash memory, and other
computer system storage devices. The physical configuration represents data and
instructions that cause the computer system to operate in a specific and predefined
manner as described herein.

[0045] Suitable software to assist in implementing the invention is readily provided by
those of skill in the pertinent art(s) using the teachings presented here and programming

languages and tools, such as Java, Pascal, C++, C, PHP, .Net, database languages,
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APls, SDKs, assembly, firmware, microcode, and/or other languages and tools. Suitable
signal formats may be embodied in analog or digital form, with or without error detection
and/or correction bits, packet headers, network addresses in a specific format, and/or
other supporting data readily provided by those of skill in the pertinent art(s).

[0046] Aspects of certain embodiments may be implemented as software modules or
components. As used herein, a software module or component may include any type of
computer instruction or computer-executable code located within or on a computer-
readable storage medium. A software module may, for instance, comprise one or more
physical or logical blocks of computer instructions, which may be organized as a routine,
a program, an object, a component, a data structure, etc. that performs one or more tasks
or implement particular abstract data types. A particular software module may comprise
disparate instructions stored in different locations of a computer-readable storage
medium, which together implement the described functionality of the module. Indeed, a
module may comprise a single instruction or many instructions, and may be distributed
over several different code segments, among different programs, and across several
computer-readable storage media.

[0047] Some embodiments may be practiced in a distributed computing environment
where tasks are performed by a remote processing device linked through a
communications network. In a distributed computing environment, software modules may
be located in local and/or remote computer-readable storage media. In addition, data
being tied or rendered together in a database record may be resident in the same
computer-readable storage medium, or across several computer-readable storage

media, and may be linked together in fields of a record in a database across a network.
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According to one embodiment, a database management system (DBMS) allows users to
interact with one or more databases and provides access to the data contained in the
databases.

[0048] FIG. 1 illustrates an explosives delivery system 100 for surface blast charging.
For brevity, the present disclosure focuses on surface blast charging; however, the
explosives delivery system 100 discussed in the present disclosure may be used in a
number of different types of blast charging, such as development blast charging,
underground blasting, and the like.

[0049] FIG. 1 is a side view of one embodiment of a mobile processing unit 200
equipped with the explosives delivery system 100. The explosives delivery system 100
may include a delivery apparatus 80, such as a delivery hose. While FIG. 1 illustrates the
delivery apparatus 80 in conjunction with the mobile processing unit 200, in some
embodiments, the delivery apparatus 80 is not associated with a vehicle. The mobile
processing unit 200 may be configured to go underground for underground blasting. The
mobile processing unit 200 may be controlled or operated by an operator. The operator
may control the mobile processing unit 200 from a cabin 202 of the mobile processing
unit 200 or from a remote location, such as a mining control center. In some embodiments,
the mobile processing unit 200 is an autonomous vehicle.

[0050] The mobile processing unit 200 may include a first reservoir 10, a second
reservoir 20, a third reservoir 30, and a homogenizer 40 mounted to the mobile processing
unit 200. Different types of blast charging may use some but not all of the components
listed above. For example, in some embodiments, the first reservoir 10, the second

reservoir 20, the homogenizer 40, and combinations thereof may be optional
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components. The mobile processing unit 200 is positioned or placed near a blasthole 300
drilled into the ground 50. For simplicity, a single blasthole 300 is illustrated, but a plurality
of blastholes may be drilled into the ground 50.

[0051] Insome embodiments, the first reservoir 10 is configured to store a first gassing
agent (such as a pH control agent), the second reservoir 20 is configured to store a
second gassing agent (such as a chemical gassing agent), and the third reservoir 30 is
configured to store an emulsion matrix. The homogenizer 40 is configured to mix the
emulsion matrix, the first gassing agent, and optionally the second gassing agent into a
substantially homogenized emulsion matrix. For example, in FIG. 1, the second gassing
agent is introduced after the homogenizer 40; however, the second gassing agent may
be introduced before the homogenizer 40.

[0052] In some embodiments, the first gassing agent comprises a pH control agent.
The pH control agent may comprise an acid. Examples of acids include, but are not limited
to, organic acids such as citric acid, acetic acid, and tartaric acid. Any pH control agent
known in the art and compatible with the second gassing agent and a gassing accelerator,
if present, may be used. The pH control agent may be dissolved in an aqueous solution.
[0053] In some embodiments, the second gassing agent comprises a chemical
gassing agent configured to react in an emulsion matrix and with a gassing accelerator,
if present. Examples of chemical gassing agents include, but are not limited to, peroxides
such as hydrogen peroxide, inorganic nitrite salts such as sodium nitrite, nitrosamines
such as N,N'-dinitrosopentamethylenetetramine, alkali metal borohydrides such as
sodium borohydride, and bases such as carbonates including sodium carbonate. Any

chemical gassing agent known in the art and compatible with the emulsion matrix and the
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gassing accelerator, if present, may be used. The chemical gassing agent may be
dissolved in an aqueous solution and stored in the second reservoir 20.

[0054] In some embodiments, second reservoir 20 is further configured to store a
gassing accelerator mixed with the second gassing agent. Alternatively, the gassing
accelerator may be stored in a separate reservoir or not present in the system. Examples
of gassing accelerators include, but are not limited to, thiourea, urea, thiocyanate, iodide,
cyanate, acetate, sulphonic acid and its salts, and combinations thereof. Any gassing
accelerator known in the art and compatible with the first gassing agent and the second
gassing agent may be used. The pH control agent, the chemical gassing agent, and the
gassing accelerator may each be dissolved in an aqueous solution.

[0055] In some embodiments, the emulsion matrix comprises a continuous fuel phase
and a discontinuous oxidizer phase. Any emulsion matrix known in the art may be used,
such as, by way of non-limiting example, the Titan® 1000 G from Dyno Nobel.

[0056] Examples of the fuel phase include, but are not limited to, liquid fuels such as
fuel oil, diesel oil, distillate, furnace oil, kerosene, gasoline, and naphtha; waxes such as
microcrystalline wax, paraffin wax, and slack wax; oils such as paraffin oils, benzene,
toluene, and xylene oils; asphaltic materials; polymeric oils such as the low molecular
weight polymers of olefins; animal oils, such as fish oils, and other mineral, hydrocarbon,
or fatty oils; and mixtures thereof. Any fuel phase known in the art and compatible with
the oxidizer phase and an emulsifier, if present, may be used.

[0057] The emulsion matrix may provide at least about 95%, at least about 96%, or at

least about 97% of the oxygen content of the sensitized product.
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[0058] Examples of the oxidizer phase include, but are not limited to, oxygen-releasing
salts. Examples of oxygen-releasing salts include, but are not limited to, alkali and alkaline
earth metal nitrates, alkali and alkaline earth metal chlorates, alkali and alkaline earth
metal perchlorates, ammonium nitrate, ammonium chlorate, ammonium perchlorate, and
mixtures thereof, such as a mixture of ammonium nitrate and sodium or calcium nitrates.
Any oxidizer phase known in the art and compatible with the fuel phase and an emulsifier,
if present, may be used. The oxidizer phase may be dissolved in an aqueous solution,
resulting in an emulsion matrix known in the art as a “water-in-oil” emulsion. The oxidizer
phase may not be dissolved in an aqueous solution, resulting in an emulsion matrix known
in the art as a “melt-in-oil” emulsion.

[0059] In some embodiments, the emulsion matrix further comprises an emulsifier.
Examples of emulsifiers include, but are not limited to, emulsifiers based on the reaction
products of poly[alk(en)yl]succinic anhydrides and alkylamines, including the
polyisobutylene succinic anhydride (PiBSA) derivatives of alkanolamines. Additional
examples of emulsifiers include, but are not limited to, alcohol alkoxylates, phenol
alkoxylates, poly(oxyalkylene)glycols, poly(oxyalkylene) fatty acid esters, amine
alkoxylates, fatty acid esters of sorbitol and glycerol, fatty acid salts, sorbitan esters,
poly(oxyalkylene)sorbitan esters, fatty amine alkoxylates, poly(oxyalkylene)glycol esters,
fatty acid amines, fatty acid amide alkoxylates, fatty amines, quaternary amines,
alkyloxazolines, alkenyloxazolines, imidazolines, alkylsulphonates,
alkylsulphosuccinates, alkylarylsulphonates, alkylphosphates, alkenylphosphates,
phosphate esters, lecithin, copolymers of poly(oxyalkylene)glycol and poly(12-

hydroxystearic) acid, 2-alkyl and 2-alkenyl-4,4"-bis(hydroxymethyl)oxazoline, sorbitan
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mono-oleate, sorbitan sesquioleate, 2-oleyl-4,4'bis(hydroxymethyl)oxazoline, and
mixtures thereof. Any emulsifier known in the art and compatible with the fuel phase and
the oxidizer phase may be used.

[0060] The explosives delivery system 100 may further comprise a first pump 12
configured to pump the first gassing agent. The inlet of the first pump 12 is fluidically
connected to the first reservoir 10. The outlet of the first pump 12 is fluidically connected
to a flowmeter configured to measure a stream of the first gassing agent. The first
flowmeter is fluidically connected to the homogenizer 40. The stream of the first gassing
agent may be introduced into a stream of the emulsion matrix upstream from the
homogenizer 40.

[0061] The explosives delivery system 100 may further comprise a second pump 22
configured to pump the second gassing agent. The inlet of the second pump 22 is
operably connected to the second reservoir 20. The outlet of the second pump 22 is
fluidically connected to a second flowmeter configured to measure the flow in a stream of
the second gassing agent. The second flowmeter is fluidically connected to a valve. The
valve is configured to control the stream of the second gassing agent. The valve is
fluidically connected to a mixer proximal the outlet of the delivery apparatus 80.

[0062] The delivery apparatus 80 may have a central bore that extends a length of the
delivery apparatus 80 from a proximal end to a distal end 84 of the delivery apparatus 80
and an outlet disposed at the distal end 84. In some embodiments, the delivery apparatus
80 is a delivery hose. The delivery apparatus 80 is configured to deliver an emulsion

explosive out of the outlet at the distal end 84 of the delivery apparatus 80.
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[0063] The explosives delivery system 100 may further comprise a third pump 32
configured to pump the emulsion matrix. The inlet of the third pump 32 is fluidically
connected to the third reservoir 30. The outlet of the third pump 32 is fluidically connected
to a third flowmeter configured to measure a stream of the emulsion matrix. The third
flowmeter is fluidically connected to the homogenizer 40. In embodiments that do not
include the homogenizer 40, the third flowmeter, if present, may be fluidically connected
to the delivery apparatus 80.

[0064] In some embodiments, the explosives delivery system 100 is configured to
convey the second gassing agent at a mass flow rate of less than about 5%, less than
about 4%, less than about 2%, or less than about 1% of a mass flow rate of the emulsion
matrix.

[0065] The homogenizer 40 may be configured to homogenize the emulsion matrix
when forming the homogenized product. As used herein, “homogenize” or
‘homogenizing” refers to reducing the size of oxidizer phase droplets in the fuel phase of
an emulsion matrix, such as the emulsion matrix. The homogenizing emulsion matrix
increases the viscosity of the homogenized emulsion matrix as compared to the
unhomogenized emulsion matrix. The homogenizer 40 may also be configured to mix the
stream of the emulsion matrix and the stream of the first gassing agent into the
homogenized emulsion matrix. The stream of the homogenized emulsion matrix exits the
homogenizer 40. Pressure from the stream of the emulsion matrix and the stream of the
first gassing agent may supply the pressure for the flowing stream of the homogenized

emulsion matrix. The explosives delivery system 100 may comprise a fourth pump 42 that
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is configured to pump the homogenized emulsion matrix out of the homogenizer 40
through a conduit 44 to the delivery apparatus 80.

[0066] The homogenizer 40 may reduce the size of oxidizer phase droplets by
introducing a shearing stress on the emulsion matrix and the first gassing agent. The
homogenizer 40 may comprise a valve configured to introduce a shearing stress on the
emulsion matrix and the first gassing agent. The homogenizer 40 may further comprise
mixing elements, such as, by way of non-limiting example, static mixers and/or dynamic
mixers, such as augers, for the mixing stream of the first gassing agent with the stream
of emulsion matrix.

[0067] Homogenizing the emulsion matrix may be beneficial for the sensitized
emulsion. For example, the reduced oxidizer phase droplet size and increased viscosity
of sensitized emulsion explosive, as compared to an unhomogenized sensitized emulsion
explosive, may mitigate gas bubble coalescence of the gas bubbles generated by
introduction of the second gassing agent. Likewise, the effects of static head pressure on
gas bubble density in a homogenized sensitized emulsion explosive are reduced as
compared to an unhomogenized sensitized emulsion explosive. Therefore, gas bubble
migration is less in a homogenized sensitized emulsion explosive as compared to an
unhomogenized sensitized emulsion explosive.

[0068] In some embodiments, the homogenizer 40 does not substantially homogenize
the emulsion matrix. In such embodiments, the homogenizer 40 comprises elements
primarily configured to mix the stream of the emulsion matrix and the stream of the first
gassing agent, but does not include elements primarily configured to reduce the size of

oxidizer phase droplets in the emulsion matrix. In such embodiments, sensitized emulsion
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explosive would be an unhomogenized sensitized emulsion explosive. “Primarily
configured” as used herein refers to the main function that an element was configured to
perform. For example, any mixing element(s) of homogenizer 40 may have some effect
on oxidizer phase droplet size, but the main function of the mixing elements may be to
mix the stream of the first gassing agent and the stream of the emulsion matrix.

[0069] The second gassing agent from the second reservoir 20 may be introduced into
the emulsion matrix (e.g., the homogenized or the unhomogenized emulsion matrix) in a
number of different ways to sensitize the emulsion matrix. For example, the second
gassing agent may be introduced pre-delivery apparatus 80, via a water ring embodiment,
a centerline embodiment, or an end of hose embodiment.

[0070] In the water ring and the centerline embodiments, the second reservoir 20 is
configured to store the second gassing agent and an injector that is configured to inject
the second gassing agent through a conduit 24 to the delivery apparatus 80. In the water
ring embodiment, the second gassing agent is injected with the lubricant into the delivery
apparatus 80 to lubricate the conveyance of an emulsion matrix (e.g., the homogenized
or the unhomogenized emulsion matrix) through the inside of the delivery apparatus 80.
The injector may be configured to inject an annulus of the second gassing agent and
lubricant that surrounds the stream of the emulsion matrix and lubricates the flow of the
emulsion matrix inside the delivery apparatus 80. The lubricant containing the second
gassing agent may also contain water. As the stream of the emulsion matrix is conveyed
through the delivery apparatus 80, the second gassing agent may begin to sensitize the

emulsion matrix somewhat through diffusion. A mixer in the nozzle 88 mixes the lubricant
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and the second gassing agent with the emulsion matrix, forming a sensitized emulsion
explosive.

[0071] In the centerline embodiment, the injector may be configured to inject a
centerline stream of the second gassing agent that is within the stream of the emulsion
matrix. As the stream of the emulsion matrix is conveyed through the delivery apparatus
80, the second gassing agent may begin to sensitize the emulsion matrix somewhat
through diffusion. A mixer in the nozzle 88 mixes the lubricant and the second gassing
agent with the emulsion matrix, forming a sensitized emulsion explosive.

[0072] In the end of hose embodiment, the second gassing agent is conveyed
separately from the emulsion matrix in the delivery apparatus 80 and the second gassing
agent is injected into the emulsion matrix before the emulsion explosive is expelled from
the delivery apparatus 80 and into the blasthole 300. A mixer in the nozzle 88 mixes the
lubricant and the second gassing agent with the emulsion matrix, forming a sensitized
emulsion explosive. In some embodiments, the second gassing agent is conveyed in the
delivery apparatus 80 in a separate tube within a sidewall of the delivery apparatus 80. In
an alternative embodiment, a separate tube may be located external to the delivery
apparatus 80 for conveying the stream of the second gassing agent. For example, the
separate tube may be attached to an outer surface of the delivery apparatus 80.

[0073] In some embodiments, the mobile processing unit 200 may comprise other
types of explosives or more than one type of explosive to deliver to the blastholes 300
based on different situations. Without limitation, exemplary explosive materials that can
be used include, but are not limited to, emulsions (as discussed above), ammonium-

nitrate fuel oil (“ANFQO”), blends of emulsions and ANFO (e.g., heavy ANFO or other
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ANFO blends), water gels, and slurries. Additional types of explosives include black
powder, dynamites, ammonia gelatin, semi-gelatins, binary explosives, and the like. For
instance, as discussed above, the mobile processing unit 200 can comprise a sensitized
emulsion explosive that is delivered through the delivery apparatus 80. The mobile
processing unit 200 can also comprise an ANFO explosive (in addition to, or in place of,
the emulsion explosive) that may be delivered through the delivery apparatus 80 or an
auger chute (not shown). ANFO explosive is a combination of ammonium nitrate prill and
fuel oil. The mobile processing unit 200 may comprise a fifth reservoir (not shown)
configured to store the solid oxidizer, such as ammonium nitrate prill. The explosives
delivery system 100 may further comprise a sixth reservoir (not shown) configured to
store an additional liquid fuel, separate from the liquid fuel that is part of emulsion matrix.
Thus it will be appreciated that the disclosure herein is not limited to emulsion explosives.
[0074] In some embodiments, the type of explosive delivered into the blasthole 300
may be dependent on whether water is disposed in the blasthole at the time of delivering
the explosive. For instance, if water is detected in the blasthole 300, then a sensitized
emulsion explosive may be loaded into the blasthole 300. If no water is detected in the
blasthole, then ANFO explosive may be delivered into the blasthole 300. Blends of
emulsions and ANFO can also be used as desired. Similarly, water gel explosives or other
types of explosives can also be used as desired.

[0075] In certain embodiments, the explosives delivery system 100 may be configured
for delivering a blend of sensitized product with solid oxidizers and additional liquid fuels.
In such embodiments, the delivery apparatus 80 may not be inserted into the blasthole,

but instead sensitized product may be blended with solid oxidizer and additional liquid
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fuel. The resulting blend may be poured into the blasthole 300, such as from the discharge
of an auger chute (not shown) located over the mouth of a blasthole.

[0076] For example, the explosives delivery system 100 may comprise the fifth
reservoir (not shown) configured to store the solid oxidizer. The explosives delivery
system 100 may further comprise the sixth reservoir (not shown) configured to store an
additional liquid fuel, separate from the liquid fuel that is part of emulsion matrix. A hopper
(not shown) may operably connect the fifth reservoir to a mixing element (not shown),
such as an auger (not shown). The mixing element may be fluidically connected to the
sixth reservoir. The mixing element may also be fluidically connected to the outlet of the
delivery apparatus 80 configured to form sensitized product. The mixing element may be
configured to blend sensitized product with the solid oxidizer of the fifth reservoir and the
liquid fuel of the sixth reservoir. A chute may be connected to the discharge of the mixing
element and configured to convey blended sensitized product to the blasthole 300. For
example, unsensitized emulsion matrix may be blended in an auger with ammonium
nitrate and No. 2 fuel oil to form a “heavy ANFQ” blend. Other ANFO blends can also be
used.

[0077] The explosives delivery system 100 may comprise additional reservoirs for
storing solid sensitizers and/or energy increasing agents. These additional components
may be mixed with the solid oxidizer of the fifth reservoir or may be mixed directly with
homogenized product or sensitized product. In some embodiments, the solid oxidizer, the
solid sensitizer, and/or the energy increasing agent may be blended with sensitized

product without the addition of any liquid fuel from the sixth reservoir.
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[0078] Examples of solid sensitizers include, but are not limited to, glass or
hydrocarbon microballoons, cellulosic bulking agents, expanded mineral bulking agents,
and the like. Examples of energy increasing agents include, but are not limited to, metal
powders, such as aluminum powder. Examples of the solid oxidizer include, but are not
limited to, oxygen-releasing salts formed into porous spheres, also known in the art as
“prills.” Examples of oxygen-releasing salts are those disclosed above regarding the
oxidizer phase of emulsion matrix. Prills of the oxygen-releasing salts may be used as the
solid oxidizer. Any solid oxidizer known in the art and compatible with the liquid fuel may
be used. Examples of the liquid fuel are those disclosed above regarding the fuel phase
of emulsion matrix. Any liquid fuel known in the art and compatible with the solid oxidizer
may be used.

[0079] It should be understood that the explosives delivery system 100 may further
comprise additional components compatible with delivering explosives.

[0080] As discussed above, the type of explosive that is delivered or loaded into the
blasthole 300 may be determined based on whether water is present in the blasthole 300
and how much water is present in the blasthole 300. The present explosives delivery
system 100 is configured to dip and load the blasthole in substantially the same step.
[0081] FIGS. 2A—4 illustrate an exemplary embodiments of the delivery apparatus 80
that is configured to dip and load the blasthole 300. As discussed above, the delivery
apparatus 80 may be a delivery hose. FIG. 2A illustrates a side view of a distal portion of
the delivery apparatus 80 comprising a plurality of level sensors 90. FIG. 2B illustrates a

side view of a distal portion of another embodiment of a delivery apparatus 80’. FIG. 3A
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is a front view of one of the plurality of level sensors 90. FIG. 3B is a side view of one of
the plurality of sensors 90. FIG. 4 is a cross-sectional view of the delivery apparatus 80.
[0082] The delivery apparatus 80 may have a predetermined length. For convenience,
FIG. 2 does not illustrate the entire length of the delivery apparatus 80, but only a distal
portion of the delivery apparatus 80. The delivery apparatus 80 comprises a central bore
that extends a length of the delivery apparatus 80 from a proximal end to the distal end
84 of the delivery apparatus 80. A sidewall 86 of the delivery apparatus 80 defines the
central bore of the delivery apparatus 80. In the illustrated embodiment, the delivery
apparatus 80 comprises a nozzle 88 at the distal end 84 of the delivery apparatus 80, the
nozzle 88 comprising an outlet 89 for delivering the explosives out of the delivery
apparatus 80 and into the blasthole 300.

[0083] To perform the dipping step, the delivery apparatus 80 comprises a plurality of
level sensors 90. For convenience, seven level sensors 90 are illustrated on the delivery
apparatus 80; however, the delivery apparatus 80 may have more or less than seven
level sensors 90. The plurality of level sensors 90 are configured to determine if each
sensor of the plurality of level sensors 90 are disposed in air, water, or explosive product.
The plurality of level sensors 90 may be used to determine the presence or level (e.g.,
depth) of a liquid in the blasthole 300. For example, the plurality of level sensors 90 may
be used to determine the presence or level of water, the presence or level of explosive,
and the like in the blasthole 300. Examples of level sensors 90 that may be used with the
delivery apparatus 80 include float switches or sensors, rotary paddle level switches or
sensors, hydrostatic level sensors, load cell level sensors, optical level sensors, vibrating

level sensors, ultrasonic level sensors, electromagnetic (radar) level sensors, laser level
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sensors, magnetorestrictive level sensors, capacitive level sensors, conductive or
resistive level sensors, and the like.

[0084] The plurality of level sensors 90 may be disposed on an outer surface 83 of the
delivery apparatus 80. The plurality of level sensors 90 may be hardwired to the
explosives delivery system 100 and to the mobile processing unit 200. Wires may run
through the sidewall 86 of the delivery apparatus 80 or the outer surface of the delivery
apparatus 80 to couple to the plurality of level sensors 90. As illustrated in FIG. 3A, 3B,
and 4, the plurality of level sensors 90 may be capacitance sensors that are configured
to detect a capacitance of a predetermined surrounding area of each capacitance sensor.
The capacitance sensors rely on the fact that water and the explosive have a different
dielectric constant than that of air. FIG. 3A illustrates a front view of one of the level
sensors 90 (e.g., capacitance sensor), each capacitance sensor may comprise a pair of
metal plates 92 that are parallel with each other. When viewed from the front, the metal
plates 92 are rectangular and the longest length of the rectangle is disposed in a
longitudinal direction of the delivery apparatus 80. However, the metal plates 92 may have
a number of different shapes. For example, the metal plates 92 may be any suitable
shape, such as, square, circular, triangular, polygonal, arc shape, and the like. FIG. 3B
illustrates a side view of one of the level sensors 90 in which each metal plate 92 projects
outward and has an arc shape with an apex 99.

[0085] The pair of metal plates 92 measures an electric field across the metal plates
92 and when the capacitance changes, such as will occur when the air between the metal

plates 92 is replaced by the water or explosive. The level of height of water or explosive
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in the blasthole 300 may be determined when adjacent capacitance sensors detect
different materials.

[0086] In some embodiments, the plurality of level sensors 90 may be conductive or
resistive level sensors. Conductive sensors may be used to measure the level of liquid or
fluids that are electrically conductive. The sensors may comprise a pair of probes with
one probe being longer than the other. When the level of the liquid in the blasthole 300 is
high enough to cover both probes, a complete electrically conductive path exists between
the probes and the liquid that then activates a semiconductor switch to indicate that the
level in the blasthole 300 has reached one of the level sensors 90. If the level of liquid
drops below the shorter probe, the shorter probe is no longer immersed in the liquid and
then the circuit is opened (conduction ceases), which drops the current flow to zero and
shuts off the semiconductor switch.

[0087] In some embodiments, the plurality of level sensors 90 may be combo sensors
that use both capacitance and conductance. In some embodiments, a plurality of different
types of level sensors 90 may be used along the length of the delivery apparatus 80.
[0088] The plurality of level sensors 90 may include a first level sensor 91 that is
disposed a predetermined distance from the distal end 84 of the delivery apparatus 80.
The first level sensor 91 may be disposed on an outer surface of the nozzle 88. In the
embodiments that do not include the nozzle 88, the first level sensor 91 may be disposed
a predetermined distance from the distal end 84 of the delivery apparatus 80.

[0089] In some embodiments, the plurality of level sensors 90 may be equally spaced
apart from each other along the longitudinal (e.g., axial) direction of the delivery apparatus

80. For example, the sensors can be spaced between about 4 inches and about 12 inches
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apart, or between about 4 inches and about 8 inches apart. In some embodiments, the
plurality of level sensors 90 may be variably spaced apart from each other along the
longitudinal direction of the delivery apparatus 80. In some embodiments, the plurality of
level sensors 90 may be spaced apart from each other over a length of about 1 to about
2 meters. The distance between adjacent level sensors 90 may be customized based on
the different blasting situations. In some embodiments, the plurality of level sensors 90
may be removably attachable to the delivery apparatus 80 so that the locations of the
plurality of level sensors 90 may be adjusted based on specific blasting situations.
[0090] In some embodiments, the plurality of level sensors 90 may comprise a plurality
of subsets of level sensors 90. For example, the plurality of level sensors 90 may
comprise a first subset 93 of level sensors 90 in which the level sensors 90 are equally
spaced apart from each other a first predetermined distance. The plurality of level sensors
90 may comprise a second subset 94 of level sensors 90 in which the level sensors 90
are equally spaced apart from each other a second predetermined distance. The first
predetermined distance and the second predetermined distance may be different from
each other. In some embodiments, the first predetermined distance is less than the
second predetermined distance. Accordingly, the level sensors 90 of the first subset 93
are closer to each other than the level sensors 90 of the second subset 94. While not
illustrated, the delivery apparatus 80 may comprise more than two subsets of level
sensors 90. The delivery apparatus 80 may also include level sensors 90 that are
disposed closer to the proximal end than the distal end 84.

[0091] In some embodiments, the delivery apparatus 80 may comprise a baiting

sensor 98. The baiting sensor 98 may be disposed near the distal end 84 of the delivery
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apparatus 80. The baiting sensor 98 is configured to detect the presence of a detonator
and/or booster in the blasthole 300. The baiting sensor 98 may be an RFID reader and a
detonator and/or booster may comprise an RFID tag. The RFID reader may detect the
presence of the detonator and/or booster in the blasthole 300 as the delivery apparatus
80 is lowered into the blasthole 300. The detonator and/or booster may be disposed in a
number of different locations in the blasthole 300; for example, the detonator and/or
booster may be disposed in the toe or bottom of the blasthole 300, the denotator and/or
booster may be placed between the top and the bottom of the blasthole 300, or the
detonator and/or booster may be placed at the top of the blasthole 300. In some
embodiments, there may be a plurality of detonators and/or boosters disposed in the
blasthole 300 and the baiting sensor 98 may detect all of the detonators and/or boosters
in the blasthole 300. The baiting sensor 98 may use a variety of different technologies to
detect the detonator and/or booster. For example, the baiting sensor 98 may be an optical
sensor, a magnetic sensor, an electromagnetic sensor, and the like.

[0092] The delivery apparatus 80 may further include additional or parameter sensors
87. In the illustrated embodiment, the sensors 87 are disposed on an outer surface of the
nozzle 88, however, the sensors 87 may be disposed along the length of the delivery
apparatus 80. The sensors 87 may be able to sense a number of different parameters.
For example, the sensors 87 could measure one or more of the pH, density, additives in
the explosive, temperature, and the like. Each sensor 87 may measure one of the different
parameters listed above, or the sensors 87 may be able to measure a variety of the
parameters listed above. The sensors 87 may also be configured to measure one or more

parameters of the explosive composition or one or more parameters of the condition of
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the blasthole. Similar to the plurality of level sensors 90, the sensors 87 may be hardwired
to the explosives delivery system 100 and to the mobile processing unit 200 through wires
in the sidewall 86 or on the outer surface of the delivery apparatus 80 of the delivery
apparatus 80. In some embodiments, the sensors 87 may communicate with the
explosives delivery system 100 and to the mobile processing unit 200 wirelessly.

[0093] While the sensors 87 are illustrated as separate from the level sensors 90, in
some embodiments, the level sensors 90 may be able to additionally measure some of
the parameters listed above. As set forth below, in some embodiments one or more
characteristics of the explosive can be adjusted based on the one or more sensed
parameters.

[0094] FIG. 2B illustrates the delivery apparatus 80’ in accordance with another
embodiment. The delivery apparatus 80’ may comprise a delivery hose. In the illustrated
embodiment, the delivery apparatus 80’ comprises a plurality of level sensors 90’
disposed on a nozzle 88’ of the delivery apparatus 80’ or at a distal end of the delivery
apparatus 80’. The plurality of level sensors 90’ include a first level sensor 91’ disposed
a predetermined distance from the distal end 84’ of the delivery apparatus 80’. The
plurality of level sensors 90’ further includes second and third level sensors 90’ disposed
on the nozzle 88'. In some embodiments, the delivery apparatus 80’ may further include
an additional level sensor 90’ that is disposed at a distance above the other level sensors
90, or at a distance that is above the nozzle 88'. In such embodiments, the additional
level sensor 90’ may act as a check on the plurality of sensors 90’ and 91’ disposed on

the nozzle 88'.
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[0095] In some embodiments, a plurality of level sensors 90 may be disposed on a
dipping cable 80” rather than the explosive delivery apparatus 80, as illustrated in FIG.
5A. In either circumstance, the delivery apparatus 80 or the dipping cable 80” may be
called an extension member. The dipping cable 80” may comprise weight 82" that is
disposed at a distal end 84” of the dipping cable 80”. The dipping cable 80” may be
lowered in the blasthole 300 and use the plurality of level sensors 90” to determine if and
how much liquid (e.qg., water and/or explosive) is in the blasthole 300, the distal most level
sensor labeled 91”. The plurality of level sensors 90” may be equally spaced apart.
Similar to the delivery apparatus 80, the plurality of level sensors 90’ may comprise a first
subset 93” of level sensors 90 in which the level sensors 90 are equally spaced apart a
first predetermined distance and a second subset 94” of level sensors 90” in which the
level sensors 90” are equally spaced apart. The first predetermined distance is less than
the second predetermined distance. The dipping cable 80” may also comprise a baiting
sensor 98" for detecting the presence of a detonator in the blasthole 300.

[0096] FIG. 5B illustrates another embodiment of a dipping cable 80"”. The dipping
cable 80" may comprise a weight 82" that is disposed at a distal end 84’ of the dipping
cable 80”. The dipping cable 80"’ may have a plurality of level sensors 90’” that are only
disposed near the distal end 84’ of the dipping cable 80’ to determine the presence of
liquid (e.g., water and/or explosive) in the blasthole 300.

[0097] FIG. 6 illustrates a delivery apparatus 80 that comprises a communication
medium 95 (e.g., network cable). The communication medium 95 is configured to
communicate with the plurality of level sensors 90. The communication medium 95 may

be directly coupled to enable communication between the communication medium 95 and
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the plurality of level sensors 90 or the communication medium 95 may communicate with
the plurality of level sensors 90 over a wireless network. The communication medium 95
may be a wire with a plurality of receivers 96 for receiving data from the plurality of level
sensors 90 over a wireless network. The plurality of receivers 96 may be disposed along
a length of the communication medium 95. The data received from the plurality of
receivers 96 may be communicated to a processing circuitry 210 that is disposed in the
cabin 202 of the mobile processing unit 200 or in a remote location, such as a mining
control room. The communication medium 95 may be disposed within the sidewall 86 of
the delivery apparatus 80, on the inside surface of the delivery apparatus 80, or on the
outer surface 83 of the delivery apparatus 80. FIG. 7 illustrates a front view of one of the
level sensors 90 that comprises a transmitter 97. Each level sensor 90 may comprise a
transmitter from transmitting data to one of the communication medium 95. In some
embodiments, the plurality of level sensors 90 are capacitance sensors that transmit a
capacitance of a predetermined surrounding area of the level sensor 90.

[0098] FIG. 8 illustrates the dipping cable 80” comprising a communication medium
95” with a plurality of receivers 96” for receiving data from the plurality of level sensors
90” disposed along the outer surface of the dipping cable 80” with the distalmost sensor
labeled 917

[0099] FIGS. 9, 11, and 13 illustrate the delivery apparatus 80 performing dipping and
loading in substantially the same step or process. FIG. 9 illustrates a blasthole 300 with
water disposed in the blasthole 300. The delivery apparatus 80 is lowered into the
blasthole 300 until the distal end 84 of the delivery apparatus approaches a toe 302 of

the blasthole 300. For convenience of illustration, only a distal portion of the delivery
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apparatus 80 and a distal portion of the blasthole 300 are illustrated. The depth of the
blasthole 300 may have been previously obtained from the drilling process; however, the
depth of the blasthole 300 may be confirmed by the delivery apparatus 80 based on the
length of the delivery apparatus 80 that has been unwound from a delivery apparatus reel
81. The depth of the blasthole 300 may be used later during the dipping and loading
process.

[00100] As discussed previously, the delivery apparatus 80 comprises a plurality of
level sensors 90. For convenience of explanation, only four level sensors 90 are illustrated
in FIG. 9. The level sensor disposed closest to the distal end 84 of the delivery apparatus
80 is labeled 90+, the next level sensor up the delivery apparatus is labeled 902, the next
sensor up the delivery apparatus is labeled 903, and the next sensor up the delivery
apparatus is labeled 904.

[00101] The plurality of the level sensors 90 are used to dip the blasthole 300 by
detecting if there is any water 400 in the blasthole 300. In the illustrated example, water
400 is present in the blasthole 300 and the level sensors 901 and 902 detect water and
level sensors 903 and 904 detect air. The chart of FIG. 10 illustrates the findings of each
level sensor 90. However, if there was no water in the blasthole 300, then the plurality of
level sensors 90 would detect only air and not water. The level sensors 90 may be
capacitance sensors and they may detect capacitance of the medium in which the level
sensor 90 is disposed. The level sensors 90 then transmit the capacitance data to the
communication medium 95 and to the processing circuitry 210. The level sensors 90
detect a different capacitance for air, water, and explosive; therefore, each level sensor

90 would be able to detect what medium it is disposed in.
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[00102] In some embodiments, the plurality of level sensors 90 may each be a combo
sensor that detects capacitance and conductance at a predetermined surrounding area
of the level sensor 90. Each of the plurality of level sensors 90 may transmit capacitance
data and conductance data to the communication medium 95 and to the processing
circuitry 210. The processing circuitry 210 may compare the conductance data and
capacitance data for each level sensor 90 to determine what medium each of the plurality
of level sensors 90 is disposed in.

[00103] The level (e.g., depth) of the water 400 in the blasthole 300 may also be
detected based on what level sensors 90 detect water. In the illustrated embodiment, the
water is disposed between adjacent level sensors 902 and 90s. Therefore, the level of the
water 400 would be the distance from the distal end 84 of the delivery apparatus 80 to
between the level sensors 902 and 903. The accuracy of the level measurement would be
dependent upon the distance between adjacent level sensors 90. In use, the plurality of
level sensors 90 allow for error checking as the level sensors 90 should react in order
(e.g., 901, 902, 903, 904) as they are immersed in water. Where the order is unexpected
(e.g., 904 detects water but 901 does not), an error handling routine may be invoked to
determine the error.

[00104] Once the processing circuitry 210 of the mobile processing unit 200 determines
if there is water 400 in the blasthole 300, the processing circuitry 210 may determine
which explosive to use. If no water 400 is detected, then the ANFO explosive may be
loaded into the blasthole 300. If water 400 is detected, such as shown in FIG. 9, then the

sensitized emulsion explosive may be loaded in the blasthole 300.
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[00105] FIG. 11 illustrates the sensitized emulsion explosive 500 being loaded into the
blasthole 300. The sensitized emulsion explosive 500 is denser than the water 400, so
when the sensitized emulsion explosive 500 is loaded into the blasthole 300, the water
400 stays on top of the sensitized emulsion explosive 500. The level sensors 901 and 902
detect the sensitized emulsion explosive 500 and the level sensors 903 and 904 detect
water. The sensitized emulsion explosive 500 may be loaded into the blasthole 300 at a
predetermined flow rate. The flow rate may be determined by the processing circuitry 210
and the flow rate may be altered by the processing circuitry 210 based on the
circumstances of loading of the blasthole 300 with the sensitized emulsion explosive 500.
The chart of FIG. 12 illustrates the findings of each level sensor 90.

[00106] As the sensitized emulsion explosive 500 is loaded in the blasthole 300, the
delivery apparatus 80 may be retracted from the blasthole 300. The processing circuitry
210 may control the retraction of the delivery apparatus 80 at a predetermined rate by
winding the delivery apparatus 80 onto the delivery apparatus reel 81. FIG. 13 illustrates
the delivery apparatus 80 loading more sensitized emulsion explosive 500 into the
blasthole 300 while the delivery apparatus 80 is retracted from the blasthole 300. The
level sensors 901 and 902 detect the sensitized emulsion explosive 500 and the level
sensors 903 and 904 detect water. The chart of FIG. 14 illustrates the findings of each
level sensor 90. The processing circuitry 210 may maintain the retraction of the delivery
apparatus 80 at a predetermined rate such that the level of the sensitized emulsion
explosive is consistently maintained between two adjacent level sensors 90, such as the

level sensors 902 and 90s.
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[00107] The amount (e.g., volume) of the sensitized emulsion explosive 500 may be
determined based on the level (e.g., depth) of the sensitized emulsion explosive 500. The
level of the sensitized emulsion explosive 500 may be determined by where the sensitized
emulsion explosive 500 is currently disposed along the length of the delivery apparatus
80 (e.g., between level sensors 902 and 90s), the length of the delivery apparatus 80
currently in the blasthole 300, and the depth of the blasthole 300 itself. The depth of the
blasthole 300 may be determined from the drilling operation and may be confirmed when
the delivery apparatus 80 is lowered to the toe 302 of the blasthole 300 at the beginning
of the dipping and loading process. Based on the measurements that are communicated
to the processing circuitry 210 via the communication medium 95, the processing circuitry
210 may determine the depth of the sensitized emulsion explosive 500 in the blasthole
300.

[00108] In addition, the diameter of the blasthole 300 is needed to calculate the volume
of the sensitized emulsion explosive 500 that is currently in the blasthole 300. The
diameter of the blasthole 300 may be determined from the drilling operation. The amount
of the sensitized emulsion explosive 500 is the blasthole 300 should correspond with the
amount of the sensitized emulsion explosive 500 that has been loaded into the blasthole
300 based on the flow rate of the sensitized emulsion explosive 500 into the blasthole
300. If the volume of the sensitized emulsion explosive 500 does not match, the
processing circuitry 210 determines that the blasthole 300 may not have structural
integrity. In other words, there may be a crack in the blasthole 300 and the sensitized
emulsion explosive 500 may be leaking out of the blasthole 300. If this is the case, the

processing circuitry 210 may issue a warning to the operator or stop loading the
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sensitized emulsion explosive 500 into the blasthole 300 so the structural integrity may
be determined. Determining structural integrity of the blasthole 300 is part of the dipping
process; thus, the delivery apparatus 80 is configured to dip and load the blasthole 300
substantially at the same time.

[00109] FIG. 15 illustrates a flow chart of a method 600 of dipping and loading the
blasthole 300 according to one embodiment of the present disclosure. Some steps of the
method 600 may be executed by processing circuitry , such as the processing circuitry
210 of the mobile processing unit 200 of FIG. 1. In some embodiments, the processing
circuitry 210 is disposed in a location that is remote to the mobile processing unit 200,
such as a mining control room.

[00110] The method 600 comprises a step 610 of receiving the dimensions of the
blasthole 300. The dimensions may have been obtained during the drilling of the blasthole
300. The dimensions may be provided to the processing circuitry 210 performing the
dipping and loading of the blasthole 300. Dimensions of the blasthole may include the
depth of the blasthole 300, the diameter of the blasthole 300, the volume of the blasthole
300, and the like.

[00111] The method 600 may further comprises a step 620 of placing a first vehicle in
a vicinity of the blasthole 300. The first vehicle may be the mobile processing unit 200.
As discussed above, the mobile processing unit 200 may be a vehicle that is manually
controlled by an operator, or may be remotely controlled by an operator, or the vehicle
may be autonomous. In some embodiments, the first vehicle may be a land-based
autonomous vehicle and, in some embodiments, the first vehicle may be an aerial

autonomous vehicle.
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[00112] The method 600 may further comprises a step 630 of dipping the blasthole 300.
As discussed above, the blasthole 300 may be dipped by placing the delivery apparatus
80 into the blasthole 300 or placing the dipping cable 80” into the blasthole 300. The
delivery apparatus 80 may be unwound from the delivery apparatus reel 81 and lowered
into the blasthole 300. The lowering of the delivery apparatus 80 may be controlled by the
processing circuitry 210 and done at a predetermined rate. Once the delivery apparatus
80 approaches the toe 302 of the blasthole 300, the depth of the blasthole 300 may be
confirmed by comparing the length of the delivery apparatus unwound from the delivery
apparatus reel 81 minus the distance from the delivery apparatus reel 81 to the ground
50 to the depth previously determined by the drilling procedure. If the difference between
the depth obtained via drilling and the depth measured by the delivery apparatus 80 is
greater than a predetermined threshold, additional investigation may be performed to
determine the structural integrity of the blasthole 300. The calculations and comparing
may be performed by the processing circuitry 210.

[00113] After the depth of the blasthole 300 is confirmed, the delivery apparatus 80 may
determine the presence of water 400 in the blasthole 300 by using the plurality of level
sensors 90 as previously discussed. If water 400 is present in the blasthole 300, then the
level of the water 400 may be determined. In some embodiments, the delivery apparatus
80 is inserted into the blasthole 300 without performing a separate dipping step to
determine a level of any water 400 in the blasthole 300.

[00114] Alternatively, the blasthole 300 may be dipped using the dipping cable 80” by
lowering the dipping cable 80” into the blasthole to determine if water 400 is present, and

if so, how much water 400 is present.
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[00115] The method 600 may further include the step 640 of detecting the presence of
a detonator and/or booster in the blasthole 300. As discussed above, the delivery
apparatus 80 may comprise a baiting sensor 98 to detect a detonator and/or booster
disposed in the blasthole 300. In some embodiments, the detonator and/or booster is
placed at the toe 302 of the blasthole 300. In some embodiments, the detonator and/or
booster is placed between the toe 302 and the top of the blasthole 300. In some
embodiments, the detonator and/or booster is placed at the top of the blasthole 300. By
detecting the detonator and/or booster, the processing circuitry 210 may determine if the
detonator and/or booster was placed correctly.

[00116] The method 600 may further include the step 650 of loading the blasthole 300
with explosive. The type of explosive loaded into the blasthole 300 may be dependent on
whether or not water 400 is present in the blasthole 300. If water 400 is present in the
blasthole 300, then sensitized emulsion explosive 500 is loaded into the blasthole 300,
and if no water 400 is present, then ANFO is loaded into the blasthole 300. Blends of
emulsions and ANFO can also be used as desired. Similarly, water gel explosives or other
types of explosives can also be used as desired. The flow rate of the explosive into the
blasthole 300 may be controlled by the processing circuitry 210.

[00117] During the loading of explosive into the blasthole 300, the delivery apparatus
80 may be retracted from the blasthole 300 and wound back onto the delivery apparatus
reel 81. The processing circuitry 210 may control the retraction rate of the delivery
apparatus 80 from the blasthole 300. The retraction rate may be a predetermined rate
that is constant. In some embodiments, the retraction rate is variable and can change

over the course of retracting the delivery apparatus 80 from the blasthole 300. In some
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embodiments, the delivery apparatus 80 is retracted from the blasthole 300 at a rate that
keeps the level of the explosive between adjacent level sensors 90 during the entire
retraction of the delivery apparatus 80 from the blasthole 300 until the delivery apparatus
80 reaches the top of the blasthole 300.

[00118] During the loading process, the processing circuitry 210 may receive one or
more other measurements from the sensors 87 (which can be disposed on the nozzle or
at the distal end of a delivery hose). As discussed above, the sensors 87 can be
configured to measure one or more of a variety of different parameters, such pH, the
density of the explosive, additives in the explosive, temperature, and the like. These one
or more sensed parameters can be characteristics of the explosive compositions and/or
conditions within the blasthole. The data received from the sensors 87 by the processing
circuitry 210 may also be used to affect the delivery and/or characteristics of the explosive
being loaded into the blasthole. For example, one or more parameters or characteristics
of the explosive can be adjusted in response to the one or more sensed parameters. In a
particular example, the density of the explosive may be adjusted if the sensed density to
is too high or too low based relative to a predetermined density range. In one embodiment,
the density may be adjusted by adding more of the sensitizing agent or reducing the
amount of the sensitizing agent in the explosive. The processing circuitry 210 may also
adjust the parameters of the explosive based on other detected or sensed parameters
(e.g., such as if the sensed parameter is not within a predetermined range).

[00119] In some embodiments, the processing circuitry 210 automatically loads the
explosive into the blasthole without input from an operator. In other words, the loading of

the blasthole with explosive may be automated. The processing circuitry 210 may control
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one or more of the rate the explosive is loaded into the blasthole 300, the rate of retraction
of the delivery apparatus 80 from the blasthole 300, the pH of the explosive, the density
of the explosive, the temperature of the explosive, what additives are added to the
explosive, and the like.

[00120] The method 600 may further include the step 660 of determining the structural
integrity of the blasthole 300. As discussed above, this step 660 is also a part of the
dipping and loading process. The processing circuitry 210 determines the level and
volume of the explosive in the blasthole 300 by using the data received from the plurality
of level sensors 90. The processing circuitry 210 determines the level and volume of the
explosive in the blasthole 300 and determines if the explosive is filling the blasthole 300
at a rate consistent with the flow rate of the explosive into the blasthole 300. If the
processing circuitry 210 determines that the volume of the explosive in the blasthole 300
does not match the volume of explosive loaded into the blasthole 300, the processing
circuitry 210 determines that the blasthole 300 may not have structural integrity. In other
words, there may be a crack or cavity in the sidewall of the blasthole 300 and the
explosive may be leaking out of the blasthole 300 or the blasthole 300 may have partially
collapsed, reducing the volume of the blasthole 300. If this is the case, the processing
circuitry 210 may issue a warning to the operator or stop loading the explosive into the
blasthole 300. The operator may then determine the integrity of the blasthole 300.
[00121] The method 600 may further include the step 670 of stemming the top of the
blasthole 300 with inert material after the explosive has been loaded into the blasthole

300.
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[00122] FIG. 16 illustrates a flow chart of a method 700 of dipping and baiting the
blasthole 300 according to one embodiment of the present disclosure. Some steps of the
method 700 may be executed by processing circuitry. The processing circuitry may be
different than the processing circuitry 210 previously disclosed. This processing circuitry
210 may be disposed on a second vehicle that acts as a baiting vehicle or the processing
circuitry 210 may be disposed in a remote location, such as a mining control room.
[00123] The method 700 comprises a step 710 of receiving the dimensions of the
blasthole 300. The dimensions may have been obtained during the drilling of the blasthole
300. The dimensions may be provided to the processing circuitry performing the baiting
of the blasthole 300. Dimensions of the blasthole 300 may include the depth of the
blasthole 300, the diameter of the blasthole 300, the volume of the blasthole 300, and the
like.

[00124] The method 700 may further comprise a step 720 of placing the second vehicle
in a vicinity of the blasthole 300 when the first vehicle is not within the vicinity of the
blasthole 300. The second vehicle may be a baiting vehicle that stores a plurality of
detonators and/or boosters. The first vehicle and the second vehicle are kept separate
from each other to keep the detonators and/or boosters away from the explosive before
loading them into the blasthole 300. As discussed above, the second vehicle may be
manually controlled by an operator, may be remotely controlled by an operator, or may
be autonomous. In some embodiments, the second vehicle may be a land-based
autonomous vehicle, and, in some embodiments, the first vehicle may be an aerial

autonomous vehicle.
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[00125] The method 700 may further comprise a step 730 of loading one or more of the
plurality of detonators and/or boosters into the blasthole 300. In some embodiments, the
detonator and/or booster is placed at the toe 302 of the blasthole 300. In some
embodiments, the detonator and/or booster is placed between the toe 302 and the top of
the blasthole 300. In some embodiments, the detonator and/or booster is placed at the
top of the blasthole 300. In some embodiments, multiple detonators and/or boosters are
placed in the blasthole 300.

[00126] The detonator and/or booster may be placed in the blasthole 300 by a baiting
assembly. The baiting assembly may be a robotic arm that may be inserted into the
blasthole 300 to place the detonator and/or booster in the blasthole 300. The robotic arm
comprises a plurality of level sensors that are disposed along an outer surface of the
robotic arm. The plurality of level sensors may function similar to the level sensors 90
previously discussed to determine if water 400 is present in the blasthole 300 before the
detonator is placed in the blasthole 300. Accordingly, the baiting assembly may perform
dipping and baiting of the blasthole 300 without performing a separate dipping step.
[00127] The method 700 may be performed at various points of preparing the blasthole
300 for detonation. For example, the blasthole 300 may be baited by the second vehicle
before dipping is performed by the first vehicle. The blasthole 300 may also be baited by
the second vehicle after loading the blasthole 300 by the first vehicle.

[00128] Alternatively, the blasthole 300 may be dipped using the dipping cable 80" by
lowering the dipping cable 80” into the blasthole 300 to determine if water 400 is present,

and if so, how much water 400 is present.
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[00129] Some general discussion of the processing circuitry 210 and/or computer
system will now be described with respect to FIG. 17. The computer system may, for
example, be hand-held devices, appliances, laptop computers, desktop computers,
mainframes, distributed computing systems, datacenters, or even devices that have not
conventionally been considered a computing system, such as wearables (e.g., glasses,
smart watches, and so forth). In this description and in the claims, the term “computing
system” is defined broadly as including any device or system (or combination thereof)
that includes at least one physical and tangible processor, and a physical and tangible
memory capable of having thereon computer-executable instructions that may be
executed by a processor. The memory may take any form and may depend on the nature
and form of the computing system. A computing system may be distributed over a
network environment and may include multiple constituent computing systems.

[00130] As illustrated in FIG. 17, in its most basic configuration, a computing system
800 typically includes at least one hardware processing unit 802 (or processors(s) 802)
and memory 804. The memory 804 may be physical system memory, which may be
volatile, non-volatile, or some combination of the two. The term “memory” may also be
used herein to refer to non-volatile mass storage such as physical storage media. If the
computing system is distributed, the processing, memory, and/or storage capability may
be distributed as well.

[00131] The computing system 800 also has thereon multiple structures often referred
to as an “executable component.” For instance, the memory 804 of the computing system
800 is illustrated as including an executable component 806. The term “executable

component” is the name for a structure that is well understood to one of ordinary skill in
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the art in the field of computing as being a structure that can be software, hardware, or a
combination thereof. For instance, when implemented in software, one of ordinary skill in
the art would understand that the structure of an executable component may include
software objects, routines, methods, and so forth that may be executed on the computing
system, whether such an executable component exists in the heap of a computing system
or whether the executable component exists on computer-readable storage media.
[00132] In such a case, one of ordinary skill in the art will recognize that the structure
of the executable component exists on a computer-readable medium such that, when
interpreted by one or more processors of a computing system (e.g., by a processor
thread), the computing system is caused to perform a function. Such structure may be
computer-readable directly by the processors (as is the case if the executable component
is binary). Alternatively, the structure may be configured to be interpretable and/or
compiled (whether in a single stage or in multiple stages) so as to generate such binary
that is directly interpretable by the processors. Such an understanding of example
structures of an executable component is well within the understanding of one of ordinary
skill in the art of computing when using the term “executable component”.

[00133] The term “executable component” is also well understood by one of ordinary
skill as including structures that are implemented exclusively or near-exclusively in
hardware, such as within a field programmable gate array (FPGA), an application specific
integrated circuit (ASIC), or any other specialized circuit. Accordingly, the term
“‘executable component” is a term for a structure that is well understood by those of

ordinary skill in the art of computing, whether implemented in software, hardware, or a

” ou ” o

combination. In this description, the terms “component,” “service,” “engine,” “module,”
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“control,” or the like may also be used. As used in this description and in the case, these
terms (whether expressed with or without a modifying clause) are also intended to be
synonymous with the term “executable component,” and thus also have a structure that
is well understood by those of ordinary skill in the art of computing.

[00134] In the description that follows, embodiments are described with reference to
acts that are performed by one or more computing systems. If such acts are implemented
in software, one or more processors (of the associated computing system that performs
the act) direct the operation of the computing system in response to having executed
computer-executable instructions that constitute an executable component. For example,
such computer-executable instructions may be embodied on one or more computer-
readable media that form a computer program product. An example of such an operation
involves the manipulation of data.

[00135] The computer-executable instructions (and the manipulated data) may be
stored in the memory 804 of the computing system 800. The computing system 800 may
also contain communication channels 805 that allow the computing system 800 to
communicate with other computing systems over, for example, network 810.

[00136] While not all computing systems require a user interface, in some
embodiments, the computing system 800 includes a user interface 812 for use in
interfacing with a user. The user interface 812 may include output 814 (or output
mechanism(s) 814) as well as input 816 (or input mechanism(s) 816). The principles
described herein are not limited to the precise type of output 814 or type of input 816 as
such will depend on the nature of the device. However, output 814 might include, for

instance, speakers, displays, tactile output, holograms, and so forth. Examples of input
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816 might include, for instance, microphones, touchscreens, holograms, cameras,
keyboards, mouse of other pointer input, sensors of any type, and so forth.

[00137] Embodiments described herein may comprise or utilize a special-purpose or
general-purpose computing system including computer hardware, such as, for example,
one or more processors and system memory, as discussed in greater detail below.
Embodiments described herein also include physical and other computer-readable media
for carrying or storing computer-executable instructions and/or data structures. Such
computer-readable media can be any available media that can be accessed by a general-
purpose or special-purpose computing system. Computer-readable media that store
computer-executable instructions are physical storage media. Computer-readable media
that carry computer-executable instructions are transmission media. Thus, by way of
example and not limitation, embodiments of the invention can comprise at least two
distinctly different kinds of computer-readable media: storage media and transmission
media.

[00138] Computer-readable storage media includes RAM, ROM, EEPROM, CD-ROM,
or other optical disk storage, magnetic disk storage, or other magnetic storage devices,
or any other physical and tangible storage medium, that can be used to store desired
program code means in the form of computer-executable instructions or data structures
and that can be accessed by a general-purpose or special-purpose computing system.
[00139] A “network” (e.g., the network 810) is defined as one or more data links that
enable the transport of electronic data between computing systems and/or modules
and/or other electronic devices. When information is transferred or provided over a

network or another communications connection (either hardwired, wireless, or a
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combination of hardwired or wireless) to a computing system, the computing system
properly views the connection as a transmission medium. Transmissions media can
include a network and/or data links which can be used to carry desired program code
means in the form of computer-executable instructions or data structures and which can
be accessed by a general-purpose or special-purpose computing system. Combinations
of the above should also be included within the scope of computer-readable media.
[00140] Further, upon reaching various computing system components, program code
means in the form of computer-executable instructions or data structures can be
transferred automatically from transmission media to storage media (or vice versa). For
example, computer-executable instructions or data structures received over a network or
data link can be buffered in RAM within a network interface module (e.g., a “NIC”), and
then eventually transferred to computing system RAM and/or to less volatile storage
media at a computing system. Thus, it should be understood that storage media can be
included in computing system components that also (or even primarily) utilize
transmission media.

[00141] Computer-executable instructions comprise, for example, instructions and data
that, when executed at a processor, cause a general-purpose computing system, special-
purpose computing system, or special-purpose processing device to perform a certain
function or group of functions. Alternatively, or in addition, the computer-executable
instructions may configure the computing system to perform a certain function or group
of functions. The computer-executable instructions may be, for example, binaries or even

instructions that undergo some translation (such as compilation) before direct execution
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by the processors, such as intermediate format instructions such as assembly language
or even source code.

[00142] Those skilled in the art will appreciate that the invention may be practiced in
network computing environments with many types of computing system configurations,
including personal computers, desktop computers, laptop computers, message
processors, hand-held devices, multi-processor systems, microprocessor-based or
programmable consumer electronics, network PCs, minicomputers, mainframe
computers, mobile telephones, PDAs, pagers, routers, switches, datacenters, wearables
(such as glasses), and the like. The invention may also be practiced in distributed system
environments where local and remote computing systems, which are linked (either by
hardwired data links, wireless data links, or by a combination of hardwired and wireless
data links) through a network, both perform tasks. In a distributed system environment,
program modules may be located in both local and remote memory storage devices.
[00143] Those skilled in the art will also appreciate that the invention may be practiced
in a cloud computing environment. Cloud computing environments may be distributed,
although this is not required. When distributed, cloud computing environments may be
distributed internationally within an organization and/or have components possessed
across multiple organizations. In this description and the following claims, “cloud
computing” is defined as a model for enabling on-demand network access to a shared
pool of configurable computing resources (e.g., networks, servers, storage, applications,
and services). The definition of “cloud computing” is not limited to any of the other

numerous advantages that can be obtained from such a model when properly deployed.
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[00144] FIGS. 18-20 illustrate a distal portion of a delivery apparatus 900 according to
one embodiment of the present disclosure. FIG. 18 illustrates a detailed view of a distal
portion of the delivery apparatus 900, FIG. 19 illustrates an exploded view of the distal
portion of the delivery apparatus 900, and FIG. 20 illustrates a cross-sectional view of the
distal portion of the delivery apparatus 900.

[00145] The delivery apparatus 900 is configured to deliver an explosive, such as an
emulsion from a source. The source may be in the mobile processing unit 200 discussed
above. The delivery apparatus 900 may include a hose 910 and a nozzle 920, the nozzle
920 having a plurality of outlets 922. The hose 910 of the delivery apparatus 900 may
have a central bore that extends a length of the hose 910 form a proximal end (not shown)
to a distal end 912. The explosive may be outputted through the plurality of outlets 922 of
the nozzle 920 after it traverses the hose 910. The nozzle 920 may have a proximal
portion 921 and a distal portion 925. The plurality of outlets 922 may be disposed in a
proximal portion 921 of the nozzle 920. The plurality of outlets 922 may be spaced apart
from each other on the outer surface of the proximal portion 921 of the nozzle 902.
[00146] As illustrated in FIG. 19, the nozzle 920 further comprises a mating neck 923
that is configured to be inserted into the hose 910. The mating neck 923 may comprise a
plurality of circumferential ribs 924 that project from the mating neck 923 and are vertically
or axially spaced apart from each other. The mating neck 923 may create an interference
fit with the hose 910 to couple the nozzle 920 to the hose 910 when the mating neck 923
is inserted into the distal end 912 of the hose 910. The nozzle 920 is removable from the

hose 910 such that the nozzle may be used with different hoses.
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[00147] The nozzle 920 may further comprise a plurality of level sensors 990, similar to
the level sensors 90 discussed above. The illustrated embodiment illustrates three level
sensors 90 on the nozzle 920; however, the delivery apparatus 900 may have more or
less than three level sensors 990. The plurality of level sensors 990 are configured to
determine if each sensor of the plurality of level sensors 990 are disposed in air, water,
or explosive product. The plurality of level sensors 990 may be used to determine the
presence or level (e.g., depth) of a fluid in the blasthole 300 as described above in relation
to FIGS. 9-14. In the illustrated embodiment, the level sensors 990 are disposed behind
aremovable protective cover 992. The protective cover 992 may be secured to the nozzle
920 by a plurality of cable ties 994 that wrap around the nozzle 920 and secure the
protective cover in place during dipping and loading. In some embodiments, the level
sensors 990 are disposed on the underside of the protective cover 992.

[00148] As discussed above, in some embodiments, the plurality of level sensors 990
may comprise a pair of metal plates that are parallel with each other. In some
embodiments, an additional level sensor 990 may be disposed on the outer surface of the
hose 910 to serve as a check on the other level sensors 990.

[00149] In some embodiments, the nozzle 920 may further comprise a conductive
sensor 991. Conductive sensor 991 may work in combination with the most distal level
sensor 990 to detect the level of fluids within the blasthole 300.

[00150] In some embodiments, the delivery apparatus 900 may comprise one or more
additional or parameter sensors 987. In the illustrated embodiment, the sensors 987 are
disposed beneath the protective cover 992, however, the sensors 987 may be disposed

along the length of the delivery apparatus 900. The sensors 987 may be able to sense a
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number of different parameters. For example, the sensors 987 could measure pH,
density, additives in the explosive, temperature, and the like. Each sensor 987 may
measure one of the different parameters listed above, or the sensor 987 may be able to
measure of variety of the listed parameters listed above. Further, each sensor 987 may
measure one or more parameters of the explosive composition, or one or more
parameters of the condition of the blasthole.

[00151] In some embodiments, the delivery apparatus 900 may comprise a baiting
sensor 998. In the illustrated embodiment, the baiting sensor 998 is disposed beneath the
protective cover 992, however, the baiting sensor 998 may be placed in a variety of
different locations. The baiting sensor 998 is configured to detect the presence of a
detonator and/or booster in the blasthole 300 and may be similar to the baiting sensor 98
discussed above.

[00152] The nozzle 920 may further include a weight 996 as seen in the cross-sectional
view of the delivery apparatus 900 in FIG. 20. The weight 996 may be disposed within the
nozzle 920 in the distal portion 925 of the nozzle 920 to help the nozzle 920 sink in a fluid,
such as water or an explosive (e.g., emulsion).

[00153] The delivery apparatus 900 may further comprise a communication medium
995 (network cable). The communication medium 995 is configured to communicate with
the plurality of level sensors 990. The communication medium 995 may be directly
coupled to the level sensors 990 to enable communication between the communication
medium 995 and the plurality of level sensors 990 or the communication medium 995
may communicate with the plurality of level sensors 990 over a wireless network. The

data from the plurality of level sensors 990 may be communicated to the processing
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circuitry 210 (described above). The communication medium 995 may be disposed within
a sidewall of delivery apparatus 900, on the inside surface of the delivery apparatus 900,
or on the outer surface of the delivery apparatus 900. In the illustrated embodiment, the
communication medium 995 is disposed on the outer surface of the hose 910 and
disposed within the protective cover 992 of the nozzle 920. In some embodiments, the
communication medium 995 includes a connection 993 that couples the communication
medium 995 of the hose 910 and the communication medium 995 on the nozzle 920,
making the nozzle 920 interchangeable with other hoses.

[00154] The data from each of the plurality of sensors 990, the additional or parameter
sensors 987, and the conductive sensor 991 may be transmitted to the communication
medium 995. The communication medium 995 may be hardwired to the sensors 990,
987, 991, and 998 or the data may be transmitted to the communication medium 995
wirelessly.

[00155] The nozzle 920 may further include a sealed chamber 930 at a distal end 926
of the nozzle 920. The sealed chamber 930 is hermetically sealed preventing water,
explosive, or other environmental factors from entering the sealed chamber 930. The
sealed chamber 930 may comprise a control unit 932. The communication medium 995
is configured to enter the sealed chamber 930 to communicate with the control unit 932.
The control unit 932 may be similar to the processing circuitry 210 discussed above. In
some embodiments, the control unit 932 communicates with the processing circuitry 210
that is disposed in a remote location from the sealed chamber 930. The control unit 932
is configured to determine whether each of the level sensors 990 is disposed in air, water,

or explosive.
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[00156] The control unit 932 may automate the dipping and loading process. The
delivery apparatus 900 may be lowered into the blasthole 300 and the control unit 932
using the data from the plurality of level sensors 990 may determine if there is any liquid
(e.g., water or explosive) present in the blasthole 300. The control unit 932 may also
determine if the blasthole has been baited using the data from the baiting sensor 998 to
determine if there is a detonator and/or booster in the blasthole 300. The control unit 932
may determine what type of explosive to use based on the presence of water and from
any data provided during the drilling of the blasthole 300, such as the dimensions of the
blasthole 300, the geology of the blasthole, etc. which may be loaded or sent to the control
unit 932.

[00157] The control unit 932 may then begin the loading process by delivering explosive
to the blasthole 300. As explosive is delivered to the blasthole 300 via the delivery
apparatus 900, the data from the plurality of level sensors 990 is sent to the control unit
932. The control unit 932 monitors the depth of the explosive in the blasthole 300 (as the
location of the plurality of level sensors 990 from the distal end 926 of the nozzle 920 is
known) and may begin to retract the delivery apparatus 900 from the blasthole. The height
of the explosive may be maintained at a specific location between two vertically adjacent
level sensors 990.

[00158] The control unit 932 may monitor the structural integrity of the blasthole 300.
The structural integrity of the blasthole 300 may be determined because the control unit
932 knows the amount of explosive loaded into the blasthole 300 and can determine if
the explosive is leaking from the blasthole 300. This is done by comparing the amount of

explosive loaded in the blasthole 300 versus the volume of explosive currently in the
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blasthole 300. If there a crack in the blasthole 300, explosive will leak out of the blasthole
300 and the volume in the blasthole will not match the amount loaded into the blasthole
300.

[00159] In addition, the control unit 932 may adjust one or more parameters of the
explosive as it is being loaded into the blasthole 300 or vary the loading of the explosive
into the blasthole 300. For example, based on data collected from the additional or
parameter sensors 987, such as density, temperature, pH, additives, etc., the control unit
932 may adjust the explosive composition that is being pumped into the blasthole 300 in
response to a sensed parameter, such as temperature, pH, density, additives, etc. For
example, the amount of sensitizing agent added to an emulsion may be increased or
decreased to adjust the density of the emulsion. Other parameters and/or characteristics
of the explosive may also be adjusted as desired.

[00160] This dipping and loading process may be monitored by an operator. The
operator monitors the dipping and loading process and may override the control unit 932
if the operator determines it is necessary.

[00161] Although the subject matter has been described in language specific to
structural features and/or methodological acts, it is to be understood that the subject
matter defined in the appended claims is not necessarily limited to the described features
or acts described above, or the order of the acts described above. Rather, the described
features and acts are disclosed as example forms of implementing the claims.

[00162] The present invention may be embodied in other specific forms without
departing from its spirit or essential characteristics. The described embodiments are to

be considered in all respects only as illustrative and not restrictive. The scope of the
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invention is, therefore, indicated by the appended claims rather than by the foregoing
description. All changes that come within the meaning and range of equivalency of the
claims are to be embraced within their scope.

[00163] Any methods disclosed herein include one or more steps or actions for
performing the described method. The method steps and/or actions may be interchanged
with one another. In other words, unless a specific order of steps or actions is required
for proper operation of the embodiment, the order and/or use of specific steps and/or
actions may be modified. Moreover, sub-routines or only a portion of a method described
herein may be a separate method within the scope of this disclosure. Stated otherwise,
some methods may include only a portion of the steps described in a more detailed
method.

[00164] Reference throughout this specification to “an embodiment” or ‘“the
embodiment” means that a particular feature, structure, or characteristic described in
connection with that embodiment is included in at least one embodiment. Thus, the
quoted phrases, or variations thereof, as recited throughout this specification are not
necessarily all referring to the same embodiment.

[00165] Similarly, it should be appreciated by one of skill in the art with the benefit of
this disclosure that in the above description of embodiments, various features are
sometimes grouped together in a single embodiment, figure, or description thereof for the
purpose of streamlining the disclosure. This method of disclosure, however, is not to be
interpreted as reflecting an intention that any claim requires more features than those
expressly recited in that claim. Rather, as the following claims reflect, inventive aspects

lie in a combination of fewer than all features of any single foregoing disclosed
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embodiment. Thus, the claims following this Detailed Description are hereby expressly
incorporated into this Detailed Description, with each claim standing on its own as a
separate embodiment. This disclosure includes all permutations of the independent
claims with their dependent claims.

[00166] Recitation in the claims of the term “first” with respect to a feature or element
does not necessarily imply the existence of a second or additional such feature or
element. It will be apparent to those having skill in the art that changes may be made to
the details of the above-described embodiments without departing from the underlying

principles of the present disclosure.
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CLAIMS

1. An explosive delivery system comprising:

a vehicle;

a first reservoir configured to store an explosive mounted to the vehicle;

a delivery hose reel mounted to the vehicle;

a delivery hose having a central bore that extends a length of the delivery hose
from a proximal end to a distal end of the delivery hose and an outlet disposed at the
distal end, wherein the delivery hose is configured to deliver the explosive out of the
outlet of the delivery hose, wherein the delivery hose is stored on the delivery hose
reel; and

a plurality of level sensors disposed on an outer surface of the delivery hose
and that are dispersed along the delivery hose,

wherein each of the level sensors is configured to determine if the sensor is

disposed in water, air, or explosive.

2. The explosive delivery system of claim 1, further comprising a second
reservoir configured to store a sensitizing agent mounted to the vehicle,

wherein the explosive in the first reservoir is an emulsion.

3. The explosive delivery system of any one of claims 1-2, further comprising
a third reservoir and a fourth reservoir mounted to the vehicle,
wherein the third reservoir is configured to store ammonium nitrate prill and the

fourth reservoir is configured to store diesel fuel.
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4. The explosive delivery system of any one of claims 1-3, wherein the plurality
of level sensors are capacitance and conductance sensors that are configured to
detect a capacitance and a conductance of a predetermined surrounding area of each

capacitance and conductance sensor.

5. The explosive delivery system of claim 4, wherein each of the plurality of
capacitance and conductance sensors comprises a pair of metal plates that are

disposed on the outer surface of the delivery hose.

6. The explosive delivery system of any one of claims 1-5, further comprising
a communication medium that is configured to communicate with the plurality of level

Sensors.

7. The explosive delivery system of claim 6, wherein the communication

medium communicates with the plurality of level sensors over a wireless network.

8. The explosive delivery system of claim 6, wherein the communication

medium is hard wired to the plurality of level sensors.

9. The explosive delivery system of claim 6, wherein the communication

medium is disposed within a sidewall of the delivery hose.

10. The explosive delivery system of any one of claims 1-9, wherein the
plurality of level sensors are equally or variably spaced from each other along the

delivery hose.
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11. The explosive delivery system of any one of claims 1-10, wherein the
plurality of level sensors comprise a plurality of subsets of level sensors, wherein a
first subset of level sensors is disposed at the distal end of the delivery hose that is
configured to be inserted into a blasthole, wherein the level sensors are spaced apart

from each other a first predetermined distance along the delivery hose.

12. The explosive delivery system of claim 11, wherein the plurality of level
sensors comprise a second subset of level sensors that is disposed farther away from
the distal end of the delivery hose than the first subset of level sensors, wherein the
level sensors in the second subset of level sensors are spaced apart from each other
a second predetermined distance along the delivery hose, wherein the first

predetermined distance is different from the second predetermined distance.

13. The explosive delivery system of claim 12, wherein the first predetermined

distance is less than the second predetermined distance.

14. The explosive delivery system of any one of claims 1-13, further comprising

a baiting sensor that is configured to detect a presence of a detonator in a blasthole.

15. The explosive delivery system of claim 14, wherein the baiting sensor is a

wireless reader that is configured to detect a presence of a wireless readable tag

disposed on the detonator in the blasthole.
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16. The explosive delivery system of claim 1, further comprising processing
circuitry to:

receive or determine dimensions of a blasthole;

control unwinding of the delivery hose from the delivery hose reel and control
an insertion rate of the delivery hose into the blasthole; and

determine a distance of the distal end of the delivery hose from the delivery

hose reel.

17. The explosive delivery system of claim 16, wherein the processing circuitry
is configured to:

determine a height of water in the blasthole based on capacitance and
conductance determined by each of the plurality of level sensors and the distance of
the distal end of the delivery hose from the delivery hose reel before delivering the

explosive into the blasthole.

18. The explosive delivery system of claim 16, wherein the processing circuitry
is configured to:

control a flow rate of the explosive into the blasthole; and

retract the delivery hose from the blasthole and wind the delivery hose on the
delivery hose reel as the explosive is delivered into the blasthole at a predetermined

rate.

19. The explosive delivery system of claim 18, wherein the processing circuitry

is configured to:
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determine a height and volume of the explosive in the blasthole based on
capacitance and conductance determined by each of the plurality of level sensors, the
distance of the distal end of the delivery hose from the delivery hose reel, and the
dimensions of the blasthole; and

determine if the explosive is filling the blasthole at a rate consistent with the

flow rate of the explosive.

20. The explosive delivery system of claim 18, wherein the processing circuitry
is configured to:
retract the delivery hose from the blasthole at a rate that maintains a height of

the explosive between adjacent level sensors of the plurality of level sensors.

21. The explosive delivery system of any one of claims 1-20, wherein the

vehicle is autonomous.

22. The explosive delivery system of any one of claims 1-21, wherein the

vehicle is controlled by an operator.

23. The explosive delivery system of claim 22, wherein the operator controls

the vehicle remotely.

24. A sensor system for detecting a presence of water or explosives in a
blasthole comprising:
an extension member that is configured to be inserted into a blasthole; and

a plurality of level sensors that are dispersed along the extension member,
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wherein each of the level sensors is configured to detect a capacitance and a
conductance of a predetermined surrounding area of each level sensor to determine

if the level sensor is disposed in water, air, or explosive.

25. The sensor system of claim 24, wherein the extension member is a cable.

26. The sensor system of claim 25, wherein the cable comprises a weight at a

distal end of the cable that is inserted into the blasthole.

27. The sensor system of any one of claims 24-26, wherein the extension
member is a delivery hose that is configured to deliver an emulsion to the blasthole,
and

wherein the plurality of level sensors are disposed along an external surface of

the delivery hose.

28. The sensor system of any one of claims 24—-27, wherein the plurality of level
sensors are one or more of capacitance sensors and conductance sensors, and

combo sensors.

29. The sensor system of any one of claims 24—-27, wherein the plurality of level

sensors are combo sensors that detect the capacitance and the conductance of the

predetermined surrounding area of each level sensor.
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30. The sensor system of claim 29, wherein each of the plurality of combo
sensors comprises a pair of metal plates that are disposed on an outer surface of the

extension member.

31. The sensor system of any one of claims 24-30, further comprising a
communication medium that is configured to communicate with the plurality of level

Sensors.

32. The sensor system of claim 31, wherein the communication medium

communicates with the level sensors over a wireless network.

33. The sensor system of claim 32, wherein each of the plurality of level sensors

comprises a transmitter to wirelessly transmit a detected capacitance and

conductance to the communication medium over a period of time.

34. The sensor system of claim 31, wherein the communication medium is hard

wired to the plurality of level sensors.

35. The sensor system of any one of claims 32—-34, wherein the communication

medium is disposed within the extension member.

36. The sensor system of any one of claims 24-35, wherein the plurality of level

sensors are spaced from each other along the extension member.
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37. The sensor system of claim 24, wherein the plurality of level sensors
comprise a plurality of subsets of level sensors, wherein a first subset of level sensors
is disposed at a distal end of the extension member that is configured to be inserted
into the blasthole, wherein the level sensors are spaced apart from each other a first

predetermined distance along the extension member.

38. The sensor system of claim 37, wherein the plurality of level sensors
comprise a second subset of level sensors that are disposed farther away from the
distal end of the extension member than the first subset of level sensors, wherein the
level sensors in the second subset of level sensors are spaced apart from each other
a second predetermined distance along the extension member, wherein the first

predetermined distance is different from the second predetermined distance.

39. The sensor system of claim 38, wherein the first predetermined distance is

less than the second predetermined distance.

40. The sensor system of any one of claims 24-39, further comprising a baiting

sensor that is configured to detect a presence of a detonator in the blasthole.

41. The sensor system of claim 40, wherein the baiting sensor is a wireless
reader that is configured to detect a presence of a wireless tag disposed on the

detonator in the blasthole.

42. The sensor system of any one of claims 24-41, further comprising

processing circuitry to:
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determine a height of water in the blasthole based on capacitance and

conductance determined by each of the plurality of level sensors.

43. An explosive delivery apparatus comprising:

a sidewall;

a central bore that extends a length of the explosive delivery apparatus from a
proximal end to a distal end of the explosive delivery apparatus;

an outlet disposed at the distal end of the explosive delivery apparatus,

a plurality of level sensors disposed on an outer surface of the explosive
delivery apparatus and that are dispersed along the explosive delivery apparatus,
wherein each of the level sensors is configured to determine if the sensor is disposed
in water, air, or explosive; and

a communication medium coupled to the explosive delivery apparatus,

wherein the communication medium is configured to communicate with the

plurality of level sensors.

44. The explosive delivery apparatus of claim 43, wherein the communication

medium is disposed within a sidewall of the explosive delivery apparatus.

45. The explosive delivery apparatus of claim 44, further comprising a conduit
disposed in the sidewall of the explosive delivery apparatus and configured to deliver

a sensitizing agent to the central bore of the explosive delivery apparatus.

46. The explosive delivery apparatus of any one of claims 43-45, further

comprising a hose head disposed at the distal end of the explosive delivery apparatus.
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47. The explosive delivery apparatus of any one of claims 43—46, wherein the
plurality of level sensors include capacitance and conductance sensors that are
configured to detect a capacitance and a conductance of a predetermined surrounding

area of each capacitance and conductance sensor.

48. The explosive delivery apparatus of claim 47, wherein each of the plurality
of capacitance and conductance sensors comprises a pair of metal plates that are

disposed on the outer surface of the explosive delivery apparatus.

49. The explosive delivery apparatus of any one of claims 43—-48, wherein the
communication medium communicates with the plurality of level sensors over a

wireless network.

50. The explosive delivery apparatus of claim 43-49, wherein the

communication medium is hard wired to the plurality of level sensors.

51. The explosive delivery apparatus of any one of claims 43-50, wherein the
plurality of level sensors are spaced from each other along the explosive delivery

apparatus.

52. The explosive delivery apparatus of any one of claims 43-51, wherein the
plurality of level sensors comprise a plurality of subsets of level sensors, wherein a
first subset of level sensors is disposed at a distal end of the explosive delivery

apparatus that is configured to inserted into a blasthole, wherein the level sensors are
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spaced apart from each other a first predetermined distance along the explosive

delivery apparatus.

53. The explosive delivery apparatus of claim 52, wherein the plurality of level
sensors comprise a second subset of level sensors that are disposed farther away
from the distal end of the explosive delivery apparatus than the first subset of level
sensors, wherein the level sensors in the second subset of level sensors are spaced
apart from each other a second predetermined distance along the explosive delivery
apparatus, wherein the first predetermined distance is different from the second

predetermined distance.

54. The explosive delivery apparatus of claim 53, wherein the first

predetermined distance is less than the second predetermined distance.

55. The explosive delivery apparatus of any one of claims 43-54, further
comprising a baiting sensor that is configured to detect a presence of a detonator in a

blasthole.

56. The explosive delivery apparatus of claim 55, wherein the baiting sensor is

a wireless reader that is configured to detect a presence of a wireless tag disposed on

a detonator in a blasthole.

57. A method of dipping, baiting, and loading a blasthole comprising:

placing a first vehicle in a vicinity a blasthole, the first vehicle comprising:

66



WO 2022/099356 PCT/AU2021/051320

unwinding a delivery hose stored on a delivery hose reel from the delivery hose
reel, wherein the delivery hose reel is mounted to the vehicle;

inserting the delivery hose into the blasthole without performing a separate
dipping step to determine a level of any water in the blasthole;

determining a level of any water in the blasthole by a plurality of sensors that
are disposed along an outer surface of the delivery hose; and

loading an explosive into the blasthole through the delivery hose.

58. The method of claim 57, wherein the vehicle comprises:

a first reservoir configured to store an emulsion mounted to the vehicle;

a second reservoir configured to store a sensitizing agent mounted to the
vehicle;

a third reservoir configured to store ammonium nitrate prill; and

a fourth reservoir configured to store diesel fuel;

wherein the vehicle is configured to mix the explosive that is either a mixture of
the emulsion and the sensitizing agent or a mixture of the ammonium nitrate prill and
the diesel fuel, and

wherein the delivery hose is configured to deliver the explosive through a

central bore of the delivery hose and out of an outlet of the delivery hose.

59. The method of claim 58, further comprising:

modifying a type of the explosive delivered into the blasthole if water is detected

in the blasthole.
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60. The method of claim 59, wherein the emulsion sensitized with the

sensitizing agent is delivered into the blasthole if water is detected in the blasthole.

61. The method of claim 58, wherein the ammonium nitrate prill and the diesel

fuel are delivered into the blasthole if water is not detected in the blasthole.

62. The method of any one of claims 57-61, further comprising:

placing a second vehicle at the blasthole when the first vehicle is not within the
vicinity of the blasthole;

loading a detonator into the blasthole with a baiting assembly without
performing a separate dipping step to determine a level of any water in the blasthole;
and

determining a level of any water in the blasthole by a plurality of sensors that

are disposed along an outer surface of the baiting assembly.

63. The method of claim 62, wherein the loading of the detonator into the

blasthole by the second vehicle and leaving the vicinity of the blasthole occurs before

the placing of the first vehicle in the vicinity of the blasthole.

64. The method of claim 62, wherein the loading of the detonator into the

blasthole by the second vehicle and leaving the vicinity of the blasthole occurs after

the placing of the first vehicle in the vicinity of the blasthole.

65. The method of any one of claims 5764, further comprising:
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determining if a detonator is correctly positioned in the blasthole by detecting a
presence of the detonator by a baiting sensor disposed near a distal end of the delivery

hose.

66. The method of any one of claims 57-65, wherein the baiting sensor is a
wireless reader that detects a presence of a wireless tag disposed on the detonator in

the blasthole.

67. The method of any one of claims 57-66, further comprising:
determining a distance of a distal end of the delivery hose from the delivery

hose reel.

68. The method of claim 67, wherein the delivery hose comprises a plurality of
level sensors disposed on the outer surface of the delivery hose and that are dispersed

along the delivery hose.

69. The method of claim 68, further comprising:

determining a height of water in the blasthole based on capacitance and
conductance determined by each of the plurality of level sensors and the distance of
the distal end of the delivery hose from the delivery hose reel before loading the

explosive into the blasthole.

70. The method of claim 68, further comprising:
determining a height and volume of the explosive in the blasthole based on

capacitance and conductance determined by each of the plurality of level sensors, the
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distance of the distal end of the delivery hose from the delivery hose reel, and the
dimensions of the blasthole; and
determining if the explosive is filling the blasthole at a rate consistent with a flow

rate of the explosive.

71. The method of any one of claims 57—70, further comprising:

retracting the delivery hose from the blasthole and winding the delivery hose on

the delivery hose reel as the explosive is loaded into the blasthole at a predetermined

rate.

72. The method of any one of claims 57—71, further comprising:

retracting the delivery hose from the blasthole at a rate that maintains a height

of the explosive between adjacent level sensors of the plurality of level sensors.

73. The method of any one of claims 57-72, wherein the vehicle is autonomous.

74. The method of any one of claims 57-73, wherein the vehicle is controlled

by an operator.

75. The method of claim 74, wherein the operator controls the vehicle remotely.
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76. A system for delivering an explosive into a blasthole, comprising:

a delivery apparatus configured to deliver the explosive;

a nozzle disposed at a distal end of the delivery apparatus;

one or more sensors that collects data for one or more parameters in a
blasthole;

a processing circuitry that controls loading of the explosive into the blasthole,

wherein the processing circuitry varies one or more parameters of the explosive

based on the data collected from the one or more sensors.

77. The system of claim 76, wherein one of the parameters is pH.

78. The system of claim 76, wherein one of the parameters is temperature.

79. The system of claim 76, wherein one of the parameters is density of the

explosive.

80. The system of claim 76, wherein the one or more sensors include a plurality
of level sensors that are axially spaced apart along the delivery apparatus,
wherein each of the level sensors is configured to determine if the sensor is

disposed in water, air, or explosive.

81. The system of claim 76, wherein the one or more sensors are disposed on

the nozzle.
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82. A method of loading explosive into a blasthole comprising:

inserting a delivery hose into the blasthole without performing a separate
dipping step to determine a level of any water in the blasthole;

determining a level of any water in the blasthole by a first plurality of level
sensors that are disposed along a portion of the delivery hose;

loading an explosive into the blasthole through the delivery hose; and

collecting data regarding one or more parameters in the blasthole via one or

more parameter sensors disposed at the distal end of the delivery hose.

83. The method of claim 82, wherein the one or more parameters in the

blasthole comprises pH.

84. The method of claim 82, wherein the one or more parameters in the

blasthole comprises temperature.

85. The method of claim 82, wherein the one or more parameters in the

blasthole comprises a density of the explosive.

86. The method of claim 82, further comprising varying one or more parameters

of the explosive based on the data collected from the one or more parameter sensors.

87. The method of claim 86, wherein a density of the explosive is adjusted

based on the data collected from the one or more parameter sensors.
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88. The method of claim 82, wherein the one or more parameter sensors are

disposed on a nozzle of the delivery hose.

89. A method of loading explosive into a blasthole comprising:

inserting a delivery hose into the blasthole, wherein the delivery hose comprises
one or more sensors disposed at a distal end of the delivery hose;

sensing one or more parameters in the blasthole with the one or more
parameter sensors;

adjusting a parameter of the explosive in response to the one or more

parameters sensed by the one or more parameter sensors.

90. The method of claim 89, wherein the one or more parameters in the

blasthole comprises pH.

91. The method of claim 89, wherein the one or more parameters in the

blasthole comprises temperature.

92. The method of claim 89, wherein the one or more parameters in the

blasthole comprises a density of the explosive.
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