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APPARATUS, SYSTEM AND METHOD FOR BLASTING USING MAGNETIC
COMMUNICATION SIGNAL

Related Application

The present application is related to Australiaovizional Application No. 2014901099,
filed on 27 March 2014 in the name of Orica Int¢ioreal Pte Ltd, the entire specification

of which is hereby incorporated by reference herein

Technical Field

The present invention relates to an initiator apper (IA) for blasting; and a method of
blasting. For example, the present invention eslagenerally to methods of blasting,
wireless electronic blasting systems (WEBS), aedtedbnic communication with initiation
apparatuses (lAs) in such WEBS.

Embodiments of the invention may be used in marpfiegtions including, for example,
surface mining, underground mining, quarrying, Icieonstruction, and/or seismic

exploration on land or in the ocean.

Background

Electronic blasting systems are widely used in ngnand exploration to provide highly

accurate controlled explosive blasts and blasepait

In blasting applications, conventional electronietahators can communicate with a
blasting control systene.g., a blasting machine, using wired or wireless comigation

links. In existing blasting wireless systems, Wieeless leg of the command path is often
above the ground so that radio signals can be gdsse the blasting machine to the
above-ground wireless receivers and from th@ee a wire into the borehole to an

electronic initiation device in the borehole. lock cases, two-way communication
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between the blasting machine and in-hole electsoratiows diagnostic apparatuses
external to the borehole to interrogate an in-lugeice as to its condition. Such two-way
communication may allow the condition of the indnalevice to be tested, and any
instructions €.g., a timing delay) that have been sent to the ir-lo@vice to be confirmed

(e.g., using a cyclic redundancy check).

A method of communication between an in-hole etgttr initiation device and a blasting
machine has been proposed using magnetic signalsnaagnetic sensors; however,
magnetic-field-based systems for blasting typicaiged relatively large, high-powered
transmission equipment to generate magnetic fieickifations of sufficient strength to
communicate with in-hole devices across a typidabkting field: for example, several
hundred meters. It may be practical to providefigehtly powerful transmitting

equipment for a blasting machine above the groundithin underground access areas;
however, it is not generally practical to provide ia-hole device with the necessary
antenna and power to communicate back to a blastiachine using a magnetic signal.
Accordingly, once an in-hole unit has been deploybd above-ground portions of the
magnetic system may not be able to discover thassta condition of the in-hole units, or

confirm that an in-hole unit has correctly receiuaidrmation sent to it.

It is desired to address or ameliorate one or nd@advantages or limitations associated

with the prior art, or to at least provide a useifitérnative.

Summary

In accordance with the present invention, theneravided an initiator apparatus (IA) for
blasting, the IA including:

a magnetic receiver configured to receive a thinotltge earth (TTE) magnetic
communication signal representing a command frdrase station;

a blasting controller, in electrical communicatiaith the magnetic receiver,

configured to generate response data in resportbe tbmmand; and
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an electromagnetic (EM) transmitter system (ETiS)electrical communication
with the blasting controller, configured to transitiie response data for the base station
using a TTE electromagnetic (EM) signal, whereia &#TS is a radio-frequency (RF)
source and the EM signal is an RF signal incluging or more frequencies between 20
kHz and 70 kHz.

The present invention also provides a wirelesstmlec blasting system (WEBS)
including the 1A.

The present invention also provides a method oftinlg including the steps of:

receiving a TTE magnetic communication signal espnting a command for an
initiator apparatus (IA) from a base station;

generating, by the IA, response data in respantfieetcommand; and

transmitting the response data for the base statsing a TTE electromagnetic
(EM) signal, wherein the EM signal is an RF sigmaluding one or more frequencies
between 20 kHz and 70 kHz.

Brief Description of the Figures

Preferred embodiments of the present invention remeinafter described, by way of

example only, with reference to the accompanyiragviiigs, in which:

Figure 1 is a block diagram of a wireless electdiasting system (WEBS) including one
or more initiating apparatuses (IAs);

Figure 2 is a sketch of the IAs in boreholes dovamf a surface and a relay in one of the
boreholes;

Figure 3 is a sketch of the IAs in boreholes dowmamfa surface and a relay on the surface;
Figure 4 is a sketch of the IAs in boreholes oftianel with a plurality of relay stations;
and

Figure 5 is a sketch of the IAs in boreholes dffirnel with a single relay station.
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Detailed Description of Preferred Embodiments ef lilvention

Definitions

As described herein, a wireless electronic blastygfem (WEBS) for blasting may be a
system for controlling and initiating a blast, fekample, using buried explosives in
surface mining, underground mining, quarrying, Icieonstruction, and/or seismic

exploration on or in land or in the ocean.

An initiating apparatus (IA) as used herein mayréterred to as a wireless initiation
apparatus, a wireless initiating device (if it i®m@e-piece unit in a housing), a wireless

receiver, or, if intended to be destroyed by ttestla disposable receiver ("DRX").

The term "earth" as used herein may refer to eabund, rock, soil, sand, and/or
construction materialsg.g., concrete / cementtc., in which the 1A may be buried or
placed for blasting in explosives in surface miningderground mining, quarrying, civil

construction, and/or seismic exploration on lanthdhe ocean.

Magnetic sensors as used herein may be referrasl tdetectors” or "magnetometers” and
may operate based on magnetic induction (MI) (atingrto Faraday's law) or as quasi-
static magnetic field detectora.d., magneto-resistive sensors or Gaussmeters). "Sgnsin
the magnetic field may also be referred to as "mm@ag" or "detecting”. The magnetic

field sensors may be triaxial magnetometers.

A magnetic transmitter system and a magnetic recaystem as described herein operate
based on modulation of magnetic fields generatethbymagnetic transmitter system and
detected by the magnetic sensors in the magnaet@ver system. The magnetic-field
modulation may include frequencies, as measurdebitz (Hz), of about 50 Hz, less than
about 50 Hz, between about 5 Hz and 50 Hz, or baloout 5 Hz.
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The terms electromagnetic (EM) receiver, EM trattani EM signal(s), EM range, EM

frequencies, and EM propagation refer to the usdaoffield radio frequency (RF)

modulation and detection techniques, as known & dh. In embodiments, the EM
receiver, transmitter, and/or transceiver utilia€io frequencies (RF). In embodiments,
the EM frequencies include frequencies in the ranig800 Hz to 300 gigahertz (GHz).

The EM frequencies may include ultra low frequesdidLF) in the range 300 Hz to 3000
Hz. The EM frequencies may include very low freggies (VLF) in the range 3 to 30

kilohertz (kHz). The EM frequencies may includevlisequencies (LF) in the range of 30
to 300 kHz. The EM frequencies may be below 12@.kHhe EM frequencies may be
below 70 kHz. The EM frequencies may be aboveldhkrtz (kHz) or above 20 kHz.

The EM frequencies may include 50 kHz.

The terms "wired communication”, "wired communioatilink” and "wired connection”,
as used herein, generally refer to the use of aexive wire, electrical conductor, cable
or other like connection to transmit signals frontransmitter to a receiver (or between
transceivers) over a distance. The terms "wirelessnmunication”, "wireless
communication link" and "wireless connection”, ased herein, generally refer
transmitting signals from a transmitter to a reeeiyor between transceivers) over a
distance using magnetic and/or electric fieldsctebenagnetic waves (including radio-
frequency waves), or acoustic/seismic waves, thHissviag communications from the
wireless transmitter to the wireless receiver (@meen wireless transceivers) without the
need to form an enduring physical connectieg.{a wire or conductor) between them. A
receiver as described herein functions to receiveedvor wireless signals, data, or
transmissions. A transmitter as described herenctions to send wired or wireless
signals, data, or transmissions. A transceivateggribed herein may function either as a

receiver or transmitter or may perform both funatio

Wireless Electronic Blasting System (WEBS)

As depicted in Figure 1, a WEBS 100 includes a lséggon 114, a magnetic transmitter
system (MTS) 118, at least one initiating apparaf(ls) 102, and at least one
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electromagnetic receiver system (ERS) 108. Theseponents may be configured in

various manners and communicwgit various channels to form the WEBS 100.

The base station 114 communicates with the MTS 8 wired or wireless
communication along an initial link 103. The MT$8lcommunicates to the one or more
IAs 102 via magnetic signals along a forward link 104. The 182 is configured to
receive the magnetic signals and, if needed, reptk to the base station 1% the ERS
108 along a back link 106 using wireless signasstiqularly EM signals based on EM
propagation. The EM signals are used to transladtrenic digital data in packets. The
IA 102 is configured to send response data to tR& EO8: these response data are
generated in response to commands from the basenstd 4, as described in more detail
hereinafter. As a consequence, these EM signalsais® be referred to as "response
signals”. In some embodiments, the base statidnnidy be configured to communicate
via base link 107 to the ERS 108, and the ERS 108bmdyrther configured to transmit
communications to the 1A 102 over the back link 106

As noted above, in the WEBS 100, the one or morse 182 are located in one or more
respective boreholes in the earth, and receive agmuations from the base station 114
via the MTS 118 and, in some embodiments, from the lstetion 114sa the ERS 108.
The 1As 102 may be in respective separate boreholesne borehole may include a
plurality of explosive columns, separated by stengmmaterial, each with an 1A 102.
Each IA 102 includes a housing 129 around a mady lwd the 1A 102 (including all or
most of the components), and the housing is cordytio allow insertion and burial in a
borehole, and may have a diameter of less thanmidQ or around 60 mm. When base
station 114 sends the communications over thealiritik 103 to the MTS 118, the MTS
118 then sends the communicatieresthe forward link 104 by generating and modulating
a magnetic field that extends TTE to a magnetieixas system (MRS) 120 of the IA 102.
The communications from the MTS 118 include iniiatcommands, and may include
non-initiation commands. In some embodiments, lihse station 114 may send non-
initiation commandwia the base link 107 to the ERS 108 and on to th&QAvia back
link 106. The initiation and the non-initiationramands are described hereinafter.
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As depicted in Figure 1, the ERS 108 (which maydferred to as a “repeater”) includes
at least one relay receiver module 110 able tocti¢he EM signals from the IA 102a

the back link 106, and one or more relay statioh® ih communication with each relay
receiver module 110vi@ a wired or wireless link) using an inter-repediek 109. In

embodiments, the back link 106 may be two-way (aedeferred to as a "two-way back
communications link”) and the ERS 108 may includeed transmitter or EM transceiver
(in the relay receiver module 110) for transmittielyl signals along the back link 106 to
the IA 102. Thus, the relay receiver module 110y rhanction as a transceiver, both

receiving and sending information along the back L06.

An effective transmission range of the EM signal€Talong the back link 106.€., from
the IA 102 to the ERS 108)—referred to as an EMyeah32—may be up to 100 metres
(m) in some earths, or up to 50 m, 25 m or 20 nothrer earths. The operational EM
frequencies in the EM signals may be selected based required maximum path loss
(e.g., 40 decibels or dB), and a required effective gmaission range, for an absorption
coefficient of the earth. The EM frequency mayapeRF frequency between 1 kHz and
120 kHz, between 20 kHz and 70 kHz, or around 58, ldd mentioned hereinbefore.

The WEBS 100 can be configured for surface @sg, (in surface mining), as shown in

Figures 2 and 3. A mine site may include an opeémng bench with boreholes 130

drilled vertically. Each IA 102 can be primed wahbooster prior to being loaded in one
of the boreholes 130. The IAs 102 may be in sépdareholes, or one borehole may be
an explosive column with a plurality of the IAs 10After loading the 1As 102, bulk

explosive is loaded into the holes 130. The retgiver module 110 is deployed on the
site within the EM range 132 of the IAs 102. Thkay receiver module 110 is deployed in
one of the holes 130, as shown in Figure 2, orhensurface, as shown in Figure 3. If
deployed on the surface, the relay receiver modai@ and the relay station 112 can be
deployed after the blasting is clear site traéfic., for ease of cable placement (including

the inter-repeater link 109).
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In embodiments, the WEBS 100 can be configuredtidanel use €g., in underground
mining), as shown in Figures 1D and 1E. In tunrs#, the relay receiver module 110 is
placed in a tunnel 134 within the EM range 1324dthrof a group of the 1As 102. The
tunnel 134 can include a plurality of the relayeiger modules 11.g., placed along the
tunnel 134, or placed in respective holes 130ha#ftinnel 134, as shown in Figure 3. The
tunnel 134 can include a single relay receiver nmglaced in a main portion of the
tunnel 134, as shown in Figure 4. The relay rememodules 110 can connegt the

inter-repeater link 109 cables to the relay stalib@ at a safe distance from the 1As 102.

Base Station & Magnetic Transmitter System (MTS)

As noted above, the base station 114 can commeniitt the MTS 11&ia wired signals

or wireless signals (including EM signals). The $T18 can be located with the base
station 114ge.g., on a surface above an underground mine at ds=fton. The MTS 118
can communicate to the 1A 102 using the magnetinads, which may be magneto-
induction (MI) signals. The base station 114 aaciude a wired or wireless transmitter
for transmitting the wired or the wireless signalshe MTS 118. The base station 114 can
also have a wired or wireless receiver, receiverteansmitter, or transceiver for receipt of
communication along base link 107 from the ERS 1&8], in embodiments, return

communication from the base station 114 to the EGS

Any suitable MTS 118 can be used for transmittimg magnetic signals. The MTS 118
can include a current source aode or more conductive coils sufficient to generate

magnetic field in the earth at the location of tAel02, and/or at locations of all IAs 102
in a preselected blasting pattern. The magnegid fat the location of the IA 102 can be
modulated to represent a specific command, andlAhd02 can be configured to

demodulate the magnetic communication signal terdehe the command. For security
purposes, the magnetic communication signal mayemheoded using predetermined
encoding scheme, and decoded by the controllerguiie predetermined encoding

scheme.
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The commands (which may be referred to as "blastorgmands” or "instructions™) from
the base station 114 for communication to the I8 ¢@n include, for example, any one or
more of the following:

a ping command instructing the 1A 102 to genemmf@ng-detection response (in
the response data) representing that the ping cowhrhas been received by the 1A 102,
and/or that the condition of the IA 102 is satisbay for later firing;

a diagnostic command instructing the 1A 102 toegate and send diagnostic data
in the response data (the diagnostic data are idedcin further detail hereinafter),
wherein different diagnostic commands may be useddspective different diagnostic
statuses;

a response delay command instructing the IA 10@etay for a selected response
delay time (selected by the base station 114) bdfansmitting the response data over the
back link 106;

a time synchronisation (sync) command with datstructing the IA 102 to
synchronize its clock or timer with a base statiame (this may synchronise the clocks of
all 1As 102);

a time-delay command, providing a selected timé@noe delay, determined based
on a blasting pattern, for the 1A 102 to count befmitiating its explosive;

an arm command to arm the 1A 102;

a fire command, for the 1A 102 to commence a ctown to initiation; and

other commands as used in existing electronicibsystems€g., the i-kon™

system from Orica).

Any command can include an initiator identifieY}jIthat identifies one of the 1As 102 in
the blasting pattern, and the identified IA 102 ganerate and send relevant response data
if it has a stored IID matching the command IID.ltefnatively, or additionally, any
command may include a group ID (GID) such as isudlesd in Patent Cooperation Treaty
Application Publication No. W02010085837 (entitlé&elective Control Of Wireless
Initiation Devices At A Blast Site™), which is hdrgincorporated herein by reference in its
entirety. 1As 102 matching the GID in the commandy generate and send relevant

response data to the ERS 108. The initiating contimare those that lead to initiation or
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detonation of the explosive 11&g., the fire command. The non-initiating commands are
those that do not cover initiation or detonatiomg @re therefore less dangerous to send,
e.g., the ping command, the diagnostic command, theorespdelay control commands,

the time sync command.

Initiating Apparatus (1A)

As shown in Figure 1, the IA 102 may include: a n&tg receiver system (MRS) 120,
which includes one or more magnetic field sensans detecting the magnetic TTE
communication signals; an electronic blasting aatr (including at least one electronic
microcontroller), which is referred to as a "blagticontroller system" (BCS) 122,
connected to the MRS 120 for receiving the commaseatg using the forward link 104,
and for controlling functions of the 1A 102; an eiécal energy storage 124.4., a battery
and/or capacitor) for powering the components eflh 102; an initiation component 126
connected—at least indirectly—to the BCS 122; andeaplosive 116 €g., a booster
charge) capable of being initiated by the storeergy from the electronic storage 124.
The MRS 120 is configured to detect the magnetraroanication signal, and to generate
a corresponding electronic signal for the BCS 1B8:BCS 112 is then configured, based
on stored electronic instructions and codes, toerdehe the command from the

corresponding signal.

The initiation component 126 may be a detonator tbeeives an electrical charge from
the electrical storage 124, or an electromagnetaptical source that ignites the explosive
116 using directed power from the electrical sterd@4. An example optical source
operating as an initiation component may includaser as described in US 8,272,325
(dated 25 September 2012). In embodiments, thelO2 may control an electronic

detonator, which is configured to receive arm, fmed time-delay commands from a
commercially available blasting machine incorpadateto the base station 114, and to

activate the explosive chargeq the explosive 116) after a pre-programmed delay.
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The IA 102 may also include an EM transmitter sys{&TS) 128 that is electronically in
communication with, and connected—at least indiyeeto the BCS 122. The ETS 128
includes one or more EM antennas configured to rggéaehe EM signals for the back link
106. The ETS 128 may be referred to as a "sourdéiese antennas (referred to as "IA
antennas"”) may be coil antennas tuned to a seldcé@@mission frequency using a
tuneable matching network 228d., including a switching capacitor resistive-capaeit
tank, or a current driver) of the transmission comgnt 218. The IA antenna may be
singlesolenoid coils with a cross sectional area thasitarge as possible while remaining
inside a housing of the IA 102¢g., a 60-mm diameter. These coils may have, for

example, between 50 and 500 turns, and a hightgdaditor (Q).

The IA 102 may only be capable/required to transkEM signals (representing the
response data, described in more detail belowhéoHRS 108via the back link 106
without being capable/required to transmit diredity the base station 114. As the
electrical power used to generate EM signals regquess electrical power than that used
to generate magnetic signals, the energy storagereel by the 1A 102 to power the back

link 106 may be limited to levels lower, therebyediorating safety concerns.

In some embodiments, both the IA 102 and the ER&idflude both a receiver and a
transmitter, or a combination forming a “transceigemponent”, capable of both sending
and receiving EM signals along the back link 10the EM transmitter and receiver, or
transceiver, of the ERS 108 may be located in éh@yrreceiver module 110, and may
share the antenna in the relay receiver module 1IBe IA 102 may include an EM
receiver, or an EM transceiver configured to reeedturn EM signals along the back link
106 from the ERS 108 TTE. The antenna of the I& frtay be contained inside the IA
102, or may extend from a main body of the IA 182d be electrically connected to the
BCS 122 by an antenna cable (including an elet¢tdoaductor or wire) extending from
the main body of the IA 102: the antenna cableieaignals between the main body and
the antenna to send and receive (in some embodsiritet EM signals. The main body of
the 1A 102 includes the MRS 120, the BCS 122, tlextecal storage 124, and the
initiation compartment 126. In embodiments, theal®enna may extend about ¥2 way up
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the length of the borehole. In other embodimethis,|A antenna may extend up about the

full length of the borehole to the collar of thedlaole.

In embodiments, the IA 102 may be configured atueality of separate and connectable
modules, including one or more of the followingsensor module; an initiator module
(including an initiator or a detonator); and an EMnsmitter signalling module. The
sensor module may include the MRS 120, blastingrotbar system 122, and a main
portion of the electrical storage 124. The indramodule may include the initiation
component 126. The EM transmitter signalling medaay include the EM transmitter
system 128, and a signalling portion of the eleatrstorage 124. Having a plurality of
separate electrical storage portions in the 1A (@2 the main portion and the signalling
portion in different modules) may reduce power driem the main source during
diagnostic communications by the IA 102, thus naamng sufficient power to fire. The
IA 102 may also include a safety module, to amat®ffalse signalling or power transfer
to the initiation module that might lead to undaBble initiation or detonation. The sensor
module and the initiation module can be connectaith Imechanically €g., bayonet, or
clip or threaded), and electricallg.g., using a 2 or 4 pin connector) or optically, so that
the sensor module can transmit the commands tanth@tion module, and so that the
sensor module and the initiation module can beepbijust prior to placement in a hole
(e.g., for safety reasons). In order to provide comroatidon to the ERS 108, the EM
transmitter signalling module can be connectechéosensor module and/or the initiation
module both mechanically, and electrically or ogitic so that transmitter module can
receive signals from the sensor module, based enréceived commands. When
assembled to form the 1A 102, the sensor modulgation module and EM transmitter
signalling module can fit in the overall housing9lthat is configured for insertion and
burial in a hole. In these separable embodimehes EM transmitter signalling module
may be coupled to existing electronic detonatorsl@ctronic initiators.

Signals and Noise
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As noted above, there may be four paths along wbashmunication may occur in the
WEBS 100: (A) the initial link 103 from the baseatsdn 114 to the MTS 118; (B) the
forward link 104 from the MTS 118 to the IA 102;)(te back link 106 from the IA 102
to the ERS 108; and, (D) the base link 107 betwberERS 108 and the base station 114.
Communication along the initial link 103 may bedirectional, and may béa a wired or
wireless link. The forward link 104 may be uniditienal, and occuvia magnetic signals.
The back link 106, whether operating only one wayy from the 1A 102 to the ERS 108)
or two ways (back and forth between the IA 102 tiedERS 108), occursa EM signals.
The base link 107 may be used either exclusivalydoeipt of EM signals from the ERS

108 or for communication back and forth betweenBR& 108 and the base station 114.

In embodiments, the 1A 102 may receive communicatiisom the base station 114 over
two different paths: the forward link 104 and theck link 106. As noted above, the base
station 114 may communicave magnetic signals from the MTS 118 to the 1A 102 a
the base station 114 may send communicatimtghe ERS 108 along back link 106 using
EM signals. The IA 102 may only send response diatag one of these paths, back link
106, to the ERS 108 and on to the base station 114.

In embodiments where the communication along thek hak 106 is two-way, signals
from the base station 1lva the ERS 108 may be limited to the diagnostic on-no
initiation signals. In such an embodiment, sigmalseived from the base station 14

the MTS 118 may be limited to initiation signalS-his communication structure may
reduce risks of explosions due to errant signaksr ake back link 106, or risks due to

spurious EM signalse(@., noise, or EM interference) on the site.

The response data (which may also be referred tteadback data™) may be generated to
represent any relevant form of communication, idiclg any one or more of:

acknowledgement data representing acknowledgeofeetceipt of a command at
the 1A 102, which may include: a simple acknowled@eCK) or not acknowledge
(NACK) signal tone;
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a command ID identifying the received command,clwlay include confirmation
that the command was received without ereq.( based on a cyclic redundancy check);

receipt time data representing when commands hega received by the IA 102
(the receipt time data may be combined with thenaskedgement data);

state data representing a current state of a stathine in the 1A 102e(g.,
ARMED, DISABLED, SAFE,etc.);

status data representing a current status of #el02 and/or statuses of
components of the IA 102, including: a status & tower supply 214e(@., operational,
non-operational), a status of the forward link X@4y., operational, non-operational), a
status of the electrical storage 1zZig( operational, non-operational), a status of the
initiation component 126e(g., operational, non-operational);

battery data representing one or more measuraemdining electrical power
stored in the 1A 102 gg., as mentioned hereinbefore, there may be sepa@ier
supplies—also represented by electrical storage-X@dthe initiation component 126 and
for the ETS 128);

error data representing error codes generateldebhAt 102, which may include one
or more of the errors and error codes (which, irb@iments, may be, at least 16-bits
long);

condition data representing a condition of thel?, to determine its potential for
initiation, which may include a resistance of aefusridge wire, voltage on a firing
capacitor, and/or resistance of a laser initiavorerror flags if these measures are out of
stored range%.g., according to a predetermined testing routinequeréd by the IA 102;

performance data (which may be referred to as riosetdata”) representing
performance measures of the IA 102, including rogtfor communicatiore.g., received
magnetic signal strength, Received Signal Strehgiication (RSSI), received signal-to-
noise ratio, or bit error rate for the commands;

environment data from monitoring an environmenttiog¢ 1A 102, including
parameter values for moisture, temperature, vibmatietc., using sensors included in the

IA 102 (e.g., moisture sensors, temperature sensors, vibraingsorsetc.);
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identifier (ID) data representing an identifier thie IA 102e.g., a quasi-unique
initiator identifier (1ID) that identifies one ohe 1As 102, and/or the group ID (GID) for a
group of 1As 102;

stored setting data in the 1A 102 relating to éeded blast, coordinates, row
number, hole number and/or logging sequence; and

initiator timing data representing initiator tingirge.g., detonator timing).

In example sites, highly attenuating rock may kmted in the communications pa#y.,
water saturated porous sedimentary rock with aena#tion constant of 200 times or
greater than 20 dB, per meter. To achieve theiredjransmission distance for the back
communications link 106, while limited by a smabwer supply in the 1A 102, may
require relatively long transmission timeg., greater than 3 to 10 mins, even for limited

data rates (bit rates).

In embodiments, the EM signals generated by th&d2 may be low bit-rate.g., a single
tone (.e., central or carrier frequency) per signal; maybgue for each 1A 102; and may
correspond to a simple commaralg., a successful acknowledgement or error. The
packets of data may be generated using, for exaropieff keying. The period for receipt
of an EM packet over the back link 106 may be gretditan about 1 min, or between about
3 and about 10 mins. In examples, with a perioabaiut 3 minutes, packets may include a
single bit €.g., 0 or 1), or fewer than 5 bits, or fewer than 8 bor fewer than 16 bits, or at
least 16 bits.

Typical noise sources in a mine may be constanthame time-dependant amplitude:
examples include power lines, heavy machinery, emghmunications equipment. To

ameliorate deleterious effects of these noise &suno the back communications link 106,
the ETS 128 may use frequency hopping or shiftingésist interference, especially
narrowband interference. For example, multiplgdencies could be selected for each 1A
102 in a selected group of 1As 102, and each IA d@2d transmit on the most available
frequency €.g., based on signal strength or interference) orlloavailable channels. The

IA 102 may send test signals along the back linB, 1&hd receive corresponding test
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response signals from the ERS 108, to determinenttst available frequency. The relay
receiver module 110 and/or the ETS 128 (when opeyats a receiver in the two-way
back link embodiments) may filter pre-determinetsasources, as described hereinafter.

In applications with a plurality of IAs 102, the4A.02 may transmit at different respective
EM frequenciesi(e., in parallel). Such a parallel modulation schemey allow for all
deployed IAs 102 to respond at once, thus the camgation time may be limited
regardless of the number of IAs 102 being deteaed, requiring only 3 to 10 minutes
(mins) for all 1As 102 in a group. In other appliilons, the EM signals from respective
IAs may be time-delayed for different selected oese delay times so that an identity of
each IA 102 can be determined (in the base statldn from the received response time,
and/or from the sequence and ordering of the redeiZM response signals. Some
applications may include a first group of 1As 10@nfigured to transmit in parallel or
series to a first relay receiver module 110, andifeerent second group of IAs 102
configured to transmit in parallel or series toeaand relay receiver module 1¥)., as

shown in Figure 4.

The ERS 108 may be configured to use frequency doaralysis to detect the different
respective EM frequencies (which may be referredgdtonal peaks”) of the IAs 102.
Spacing of the tonal peaks may be selected todre, ffor example, about 2 to about 20
Hertz (Hz). The ERS 108 may include noise filtengluding frequency filters that are
configured to reduce EM noise that is not presetbttansmission frequencies of the IAs
102 in use. The relay receiver module 110 mayohelbandpass filters with selected pass
bands based on environmental noise at the sitansiission frequencies of the IAs 102
in use may be selected to differ from predetermifmeduencies of EM noise sources on
the site, thus allowing the ERS 108 to differemtiat frequency between EM noise and the
EM signals from the 1As 102.

The state of the IA 102 may be controlled by aestaiachine in the BCS 1224g.,

providing a hibernation mode, a listening modeaaned mode, and a firing modaq)).
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Electromagnetic Receiver System (ERS)

The EM receiver 108 is depicted in Figure 1 anddiasussed above, includes the relay
stations 112 and the relay receiver module 11Ce rélay receiver module 110 of the ERS
108 may include a wired interface for connectiorot@ or more wires in the conductive
cable for wired communication along the inter-répedink 109 from the relay receiver
module 110 to the relay station(s) 112. Alterreliy the relay receiver module 110 may
be connected using a cable, or wires, or a wirdlaksto the base station 114 directly,
using the base link 107, depending oncbefiguration of the site. The ERS 108 includes

a connection interface for communication along dadk106, as described hereinbefore.

The relay receiver module 110 can be disposage, expendable during a blast. The
relay receiver module 110 can allow for detectibrihe EM signal within, for example,
about 50 m to about 100 m of the buried IAs 102iltidle relay receiver modules 110 can

be used to cover a large operational area on .a site

The relay receiver module 110 includes at leastaienna capable of receiving the EM
signal from the 1A 102. This antenna may be a aetide coil with a matching network
(to allow for resonant detection ). The at leasé @ntenna may include a plurality of
antennas placed in different orientations to detdwt EM signals with different

polarizations and orientations.

As described above, the relay receiver module hbludes an EM receiver with the
antenna for receiving the EM signals. The relagerngeer module 110 includes an
electronic processor to decode the received EMastignd to extract the response data;
alternatively, the relay receiver module 110 maypdy amplify and pass on.€, "relay"”

or "boost") the response signals. The relay rexenvodule(s) 110 and the relay station(s)
112 may include interfaces to connect to each o#imer to the base station 114: these
interfaces may include a wired transmitter for aediinterface €g., using a cable,
Ethernet ™ etc.) or a wireless transmitter for a wireless integfdeg., using WiFi ™,

ZigBee ™, magnetic inductiomic.). The inter-repeater link 109 and/or the bask 107



H:\tld\Interwoven\NRPortb\SNGDCC\TLD\150651_1.do8A2/2018

-18 -

may use in part an existing infrastructure repetitat uses pre-existing communications
networks on the siteeg., a leaky feeder cable, an Ethernet cable, or iegistine
communications systems. Each of the relay statidi®s may include a battery power

supply.

The relay receiver module(s) 110 and/or the rel@ian(s) 112 may generate relay
response data representing performance of the Ekémsy including, for example, times at
which the EM signals are detected, the identifaratof the IAs 102 from which they
originate, and any system diagnostieg).( including a Signal-to-Noise ratio for each EM
signal). The relay receiver module(s), the rekayien(s) 112, and/or the base station 114
may extract the response data from the responsalsjg.g., by storing and applying a
preselected demodulation scheme that matches tdelation scheme (or protocol) used
in the 1A 102.

Method of Blasting

A method of, or for, blasting using the WEBS 100lildes: a setup phase, a testing phase,

and a blasting phase.

The setup phase can include the following steps:

deploying the base station 114 and MTS 118 afelsaation (which may be, for
example, protected from fly-rock or other exploshazard, out of fly-rock rangetc.) on
a site within the magnetic range of pre-selecteohdi positions of selected IA 102
locations in a pre-selected blast pattern;

programming a plurality of 1As 102;

placing or loading the IAs 102 into the pre-sedédiring positions;

deploying the relay receiver module(s) 110 withM range 132 of the 1As 102;

deploying the relay stations 112 within communarez range €g., wired or
wireless) of the relay receiver modules 110 anthefbase station 114; and

loading the boreholes with explosives.
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The testing phase can include the following steps:
the base station 114 transmitting a commandgdviiS 118 or to the ERS

108;

the MTS 118 transmitting the command to the 1A i@ the forward link 104, or
the ERS 108 transmitting the command to the IAs\i@2he back link 106;

the IAs 102 each receiving the TTE magnetic comoation signal representing a
selected one of the commands from a base station;

the IAs 102 each processing the magnetic commtumicaignal to determine the
command;

the 1As 102 each generating the response data loaistne command,;

the IAs 102 each generating and transmitting @raltel or in series) the response
data to the ERS 108 using the EM signals;

the ERS 108 transmitting the response data tbdke station 114; and

the base station 114 processing the received mespdata, whichmay include
confirming correct receipt of the command signels, correct receipt of a timing signal.

The blasting phase can include the following steps:

clearing the site of personnel and valuable eqaigm

the base station 114 generating an initiating caminfor commencing the
blasting, and sending this initiating command ® MiTS 118;

the MTS 118 transmitting the initiating commandthe 1As 102via the forward
link 104; and

the IAs 102 each receiving and processing theatmg command to initiate
detonation when each countdown (based on the pglyioeceived timing information) is

complete, thus effecting the blasting.
The steps in the testing phase can be repeataddaifyl of times for different commands,
e.g., a condition report command may be followed byrartg command, and then another

condition report command.

The step of transmitting the EM signal can incltige steps of:
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each of the 1A 102 selecting the transmissiondesigy €.9., a central frequency or
a carrier frequency) for the EM signalg., based on a time chart (frequency versus time)
and a system time from the clock 210, and basati@hD,;

each the IA 102 modulating the response signaigutfie selected transmission
frequency to generate the EM signal; and

the ERS 108 detecting the response signal by delatoty at the selected
transmission frequency (where the selected trarssomdrequency for each of the 1As 102
is predetermined in a schedule, or where the ERBSniénitors all frequencies across a

selected range, including all IAs 102 in the blastultaneously).

Applications

In use, a two-way communication method using the dvfferent channels provided by the
WEBS 100 allows:

a useré.g., a system operator) to issue a command from the @tion 114;

the 1A 102 to receive the commaumich the forward link 104, ovia the back link
106;

the 1A 102 to activate and generate the respoateid response to the command;
the 1A 102 to send the response data using theighls to the relay receiver module 110
via the back link 106;

the relay receiver module 110 to send the respdat®eto the base station 1
the relay station(s) 112; and

the base station 114 to generate and presenesipense data to the useg., to

confirm correction operation of the IA 102.

The WEBS 100 can also ameliorate some of the exingdls faced in prospecting, for
example, for oil and/or gas. Leg-wire damage, Wwhetntentional or unintentional, is a
key failure mode for explosive detonation duringsec prospecting for oil and gas. This
is worsened by the fact that explosives placeg@&formance of a seismic survey can be
left in-place {.e., slept) for extended periodad., many months), far beyond those usually

used for explosives in other activitiesg., mining, quarryingetc. Explosives that fail to
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detonate, for example during a seismic survey, rbasteported to various authorities as

abandoned, along with documented map location(s).

Although wireless blasting provides a clear advg@ttor seismic prospecting of oil and
gas as it removes leg-wire damage as a cause tfmmat®n failure, the current state of the
art does allow any information to be communicatedfthe buried explosive device. The
WEBS 100 may overcome this disadvantage by progidirmeans for communication of,
for example, status information. Further, the belc&nnel signal may be useable as a
beacon for identification of the explosive devicethe future, or further, as a warning

beacon to suitably enabled devices, for examplarallgas drills.

An option can be envisioned for communicating duthe boreholevia temporary wires
(which may be referred to as "leg wires") from tAel02 to a repeater station at the collar
of the borehole 130. In such an embodiment, thelO® would still be firedvia the
wireless MI signal, but the temporary wires couédused for high band-width diagnostics
after deployment and before firing. Two-way comicationsvia the temporary wire
could be performed during or after magnetic commaiton with the in-hole 1As 102, in
which case the diagnostic information could inclmdggnetic field strength and signal-to-
noise ratio. The temporary wires could also beduse'switch on" the in-hole device in
cases where the IA 102 is dormant between deplolyarehswitching on (this would save
electrical energy (in the battery) and extend tife &f the 1A 102 in the borehole).
Although this option may seem suitable, leg wirasai borehole are often the most
vulnerable component of an initiating system. Uf&ilto communicate with an in-hole 1A
102 via temporary wires could indicate the in-hole 1A l82efective or simply that the
wires have failed. The WEBS 100 described hergiviges the wireless back link 106 to
the ERS 108, and the wireless back link 106 i®ess Fisk of damage than temporary leg

wires.

The WEBS 100 may have one or more of the follovadgantages compared to existing

devices and uni-directional wireless systems ferabmmercial detonator market:



H:\tld\Interwoven\NRPortb\SNGDCC\TLD\150651_1.do8A2/2018

-22.-

post-deployment, the 1A 102 may be interrogatedtfostatus, and the 1A 102 may
communicate its status, and/or any errors, to Heg;u

the (wireless) back link 106 allows for avoidamidailures that might be caused
by damage to wires that would otherwise extend galamd/or between the boreholes, or
around the site;

the more complexi.g., relatively information-dense) data stream impayti
timing/firing information, etc. may be provided by magnetic induction, whilst a
confirmatory signal is transmitted at low-frequerRly, thus high-energy transmissions to
the sub-surface IA 102 may be powered on the seifadhilst short, low-power,
confirmatory data streams can be transmitted froendub-surface using low-frequency
RF; and

network communication with the 1A 102 using exigticommercially available
communications protocol®.§., procedures used with the i-kon™ detonators fromca)

may be maintained if the back link 106 is two-way.

Interpretation

Many modifications will be apparent to those skilie the art without departing from the
scope of the present invention.

The reference in this specification to any prioblpation (or information derived from it),
or to any matter which is known, is not, and shawddtl be taken as an acknowledgment or
admission or any form of suggestion that the ppoblication (or information derived
from it) or known matter forms part of the commoengral knowledge in the field of

endeavour to which this specification relates.
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The Claims Defining The Invention Are As Follows:

1. An initiator apparatus (lIA) for blasting, the lAcluding:

a magnetic receiver configured to receive a throtigh earth (TTE) magnetic
communication signal representing a command frdrase station;

a blasting controller, in electrical communicatiaith the magnetic receiver,
configured to generate response data in resportie tbmmand; and

an electromagnetic (EM) transmitter system (ET8)glectrical communication
with the blasting controller, configured to transrthie response data for the base station
using a TTE electromagnetic (EM) signal, whereia &#TS is a radio-frequency (RF)
source and the EM signal is an RF signal including or more frequencies between 20
kHz and 70 kHz.

2. The IA of claim 1, wherein the blasting conteolis configured to determine the

command from the magnetic communication signal.

3. The IA of claim 1 or 2, wherein the blasting trotier is configured to generate the
response data to include any of the following:

acknowledgement data representing acknowledgeofergiceipt of the command
at the IA;

receipt time data representing when the commarsdraceived by the IA;

status data representing a current state of@astathine in the IA;

battery data representing one or more measuragmodining electrical power
stored in the 1A,

error data representing error codes generatededhA;

condition data representing a condition of the 1A,

performance data representing performance meastities IA;

environment data from monitoring an environmenthef IA; and

identifier (ID) data representing an identifiertbé IA.
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4. The IA of any one of claims 1 to 3, wherein &M signal includes a preselected

transmission frequency, selected to be uniquen@iA.

5. The IA of any one of claims 1 to 3, wherein #d signal includes a pattern of

preselected transmission frequencies selected tmiee for the IA.

6. The 1A of claim 5, wherein the pattern includespping between different

transmission frequencies at respective differenes.

7. The IA of any one of claims 1 to 6, wherein tAeincludes a housing configured

to allow insertion and burial in a borehole.

8. The 1A of any one of claims 1-7, wherein the BfRfludes an antenna in a main
body of the IA.

9. The 1A of any one of claims 1-7, wherein the BM8udes an antenna connected

by a cable to a main body of the IA.

10. The IA of any one of claims 1-9, wherein a netgnfield at the location of the 1A

is modulated using a modulation scheme to repréeenhagnetic communication signal.

11. The IA of any one of claims 1-10, wherein tiReihcludes an EM receiver for
receiving a return TTE EM signal.

12. The 1A of any one of claims 1-11, wherein tiAei$ configured to delay for a

selected response delay time before transmittiegebponse data.

13. The IA of claim 12, wherein the response délag is received in the command.

14. A wireless electronic blasting system (WEBS)Juding the IA as claimed in any

one of claims 1-13.
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15. The WEBS of claim 14, including a magneticdiglenerator for generating the

TTE magnetic communication signal.

16. The WEBS of claim 14 or 15, including an EMewer system (ERS) for receiving
the EM signal from the ETS.

17. The WEBS of claim 16, wherein the ERS includatsieast one relay receiver
module for receiving the EM signal through the grddrom the ETS; and at least one
relay station in electronic communication with tleéay receiver module for transmitting

the response data in the EM signal to the baserstat

18. The WEBS of claims 16 or 17, wherein the ER8/@nthe base station is/are
configured to demodulate the EM signal to extraetriesponse data using a demodulation
protocol that corresponds to a modulation prototohe IA.

19. The WEBS of any one of claims 16 to 18, whetbi@ ERS includes a power

source for powering the EM receiver.

20. The WEBS of any one of claims 16 to 19, whetbim ERS includes frequency
filters configured to reduce EM noise at one or enpreselected transmission frequencies
of the IA.

21. The WEBS of any one of claims 14 to 20, inahgdia plurality of initiator
apparatuses (IA), each IA being the IA as claimedmny one of claims 1-13, the IAs

having respective different preselected EM transioisfrequencies.

22. A method of blasting including the steps of:
receiving a through the earth (TTE) magnetic comication signal representing a
command for an initiator apparatus (I1A) from a bsisgion;

generating, by the IA, response data in respantigetcommand; and
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transmitting the response data for the base statging a TTE electromagnetic
(EM) signal, wherein the EM signal is an RF sigmaluding one or more frequencies
between 20 kHz and 70 kHz.

23. The method of claim 22, including the step etedmining, by the 1A, the command

from the magnetic communication signal.



