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Description

FIELD OF THE INVENTION

[0001] The present invention relates to the field of
blasting for mining or seismic operations. In particular,
the invention relates to the field of electronic blasting us-
ing electronic detonators.

BACKGROUND TO THE INVENTION

[0002] The efficient fragmentation and breaking of rock
by means of explosive charges demands considerable
skill and expertise. In most mining operations explosive
charges, including boosters, are placed at predetermined
positions near or within the rock, for example within bore-
holes drilled into the rock. The explosive charges are
then actuated via detonators having predetermined time
delays, thereby providing a desired pattern of blasting
and rock fragmentation. Traditionally, signals are trans-
mitted to the detonators from an associated blasting ma-
chine via non-electric systems employing low energy det-
onating cord (LEDC) or shock tube. Alternatively, elec-
trical wires may be used to transmit more sophisticated
signals to and from electronic detonators. For example,
such signalling may include ARM, DISARM, and delay
time instructions for remote programming of the detona-
tor firing sequence. Moreover, as a security feature, det-
onators may store firing codes and respond to ARM and
FIRE signals only upon receipt of matching firing codes
from the blasting machine. Electronic detonators are of-
ten programmed with time delays with an accuracy no
better than 1ms.
[0003] Typically, explosive charges are positioned in
rock in rows, with slight delays (for example in the order
of a few milliseconds) between actuation of the charges
in adjacent rows. This has the effect of generating a pro-
gressively moving shock wave in the rock having a com-
pressive phase suitable both to (1) fragment the rock,
and (2) move the fragmented rock in a desired direction.
Typically the compressive phase may last a few millisec-
onds. Therefore, depending upon timing, the shock
waves emanating from a particular explosive charge, or
a particular row of explosive charges, may interfere with
shock waves emanating from adjacent explosive charg-
es, or rows of explosive charges. This interference may
lead to unwanted ground vibrations. However, in some
cases the interference of shockwaves may have desira-
ble consequences, such as increased rock fragmenta-
tion. In one example, International Patent Publication
WO2005/124,272 published December 29, 2005 teach-
es methods for blasting that involve interference between
shockwaves from adjacent boreholes, whilst the timing
of initiation of explosive charges is intended to help re-
duce overall ground vibrations.
[0004] Seismic prospecting can also encompass anal-
ysis of shockwave interference, for shockwaves derived
from actuation of explosive charges. Typically, the ex-

plosive charges are spaced metres apart, or perhaps
even hundreds or thousands of metres apart. Moreover,
for seismic purposes the explosive charges are typically
actuated simultaneously. Subsequent analysis of shock-
wave reflection, interference, and dissipation, can pro-
vide those skilled in the art with valuable data regarding
rock strata or the presence of oil or gas deposits beneath
the surface of the earth or sea.
[0005] Other examples of blasting apparatus and
methods are described in European Patent Application
EP0174115, US Patent US5539636 and International
Patent Application WO02/099356 identified in the ex-
tended European search report hereto.
[0006] EP0174115 is directed to methods and appa-
ratus for safer remotely controlled firing of ignition ele-
ments. Low level remotely generated control signals are
amplified at a local ignition site using a local power source
and the amplified control signals are used to charge a
local energy storage device. Thereafter firing control sig-
nals (eg. controlled duration suppressions of the remotely
generated control signals) are detected and used to con-
trol discharge of the thus stored energy through an elec-
trical ignition device. The detonators are of the pyrotech-
nic delay type or electronic delay type, and the commu-
nication channel conveys coded information at a carrier
frequency of 20kHz. The disclosure describes achieving
25ms delay intervals between the firing control signals
from the signal generator.
[0007] US5539636 describes apparatus for activating
a plurality of groups of electrical loads, such as electrical
detonators used in blasting, after respective time delays.
The apparatus comprises a master control unit which
generates master control signals to initiate timing out of
delay devices associated with each load. The apparatus
further includes several auxiliary control units which are
connectable to the master control unit. Each auxiliary
control unit is adapted to control a respective group of
remote electrical delay devices with associated electrical
loads. Each auxiliary control unit includes local control
means for generating local control signals from the mas-
ter control signals which are synchronised with the local
control signals of other auxiliary control units, for initiating
operation of the delay devices, so that a large blast can
be carried out in a perfectly synchronised manner. The
master control unit may transmit master programming
signals to the auxiliary control units, which each program
the electrical delay devices of their respective group.
Synchronisation of the local control signals can be
achieved in a number of different ways. A method of ac-
tivating a plurality of groups of electrical loads is also
described. The arrangement is said to to provide delay
timing accuracy of at least 0.1 ms, but there is no sug-
gestion of the minimum delay intervals.
[0008] WO02/099356 is directed to an electronic det-
onator delay assembly, having an associated detonator,
that can be pre-programmed on site with a time delay
and installed in a borehole to carry out a blast operation.
The assembly is first coupled to a programming unit to
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program the desired time delay, and then to a blasting
unit, by means of a magnetic coupling device in the elec-
tronic delay assembly and to a single pass of a conductive
wire through the magnetic coupling device. The pro-
grammed time delay in the electronic delay assembly
can be double checked through a wireless communica-
tion link between the electronic delay assembly and the
programming unit. The disclosure refers to delay inter-
vals of 25 or 30ms being common in the industry for py-
rotechnic detonators. There is no disclosure of minimum
delay intervals for the electronic detonators used in the
assembly, but there is disclosure of the detonators count-
ing down in whole milliseconds from a common reference
time.
[0009] The present invention is particularly directed to
blasting apparatus for executing a blast plan for at least
two detonators each programmable with a delay time,
the blasting apparatus comprising at least one blasting
machine for transmitting, optionally wirelessly, at least
one command signal that at least includes a FIRE signal
to at least two associated detonators, as well as to meth-
ods and apparatus using such blasting apparatus.
[0010] At this time, the most precise blast initiation de-
vices that are widely, commercially available include
electronic detonators. Such electronic detonators can be
programmed with delay times with a degree of accuracy
typically to the whole 1ms. This degree of accuracy is
convenient and familiar to those skilled in the art, who
design blasting events within the parameters of 1ms tim-
ing accuracy. Nonetheless, there remains a need in the
art for improvements to the safety and effectiveness of
blasting systems, whether applied to rock fragmentation
for mining, or to seismic operations.

SUMMARY OF THE INVENTION

[0011] It is one object of the present invention to pro-
vide a blasting apparatus involving at least two electronic
detonators, that exhibit delay times selectable to an im-
proved accuracy over the electronic detonators and
blasting apparatuses of the prior art.
[0012] It is another object of the invention to provide
seismic assessment apparatus, a method of blasting and
a method of seismic analysis each using the blasting ap-
paratus of the invention.
[0013] According to the invention, the blasting appa-
ratus further comprises at least two detonators, each pro-
grammable with a delay time selectable to an accuracy
of about 0.1ms or better and each comprising:

i) a base charge;
ii) a firing circuit selectively connectable to the base
charge;
iii) energy storage means for storing energy for ini-
tiation of the base charge via the firing circuit;
iv) an oscillator having a fixed and stable or calibrat-
able frequency of at least about 10 kHz;
v) memory means for storing a delay time corre-

sponding to a number of counts of said oscillator;
vi) a receiver for receiving said at least one command
signal from said blasting machine;

whereby upon receipt by said receiver of said FIRE sig-
nal, said oscillator commences a count down of said
number of counts, and upon completion of said count-
down said energy storage means discharges said energy
stored therein into said firing circuit to initiate said base
charge.
[0014] Certain other exemplary embodiments provide
a seismic assessment apparatus for seismic assessment
of subterranean geology or structure, the apparatus com-
prising a blasting apparatus as described above so that
initiation of each of the at least two detonators causes
shockwaves through or incident to said subterranean ge-
ology or structure, as well as shockwaves reflected or
refracted by said subterranean geology or structure, said
shockwaves optionally interfering with one another; and
wherein the apparatus further includes at least one
shockwave receiver for receiving said shockwaves trans-
mitted through or incident to said subterranean geology
or structure, or shockwaves reflected or refracted by said
subterranean geology or structure, thereby to permit col-
lation of data indicative of said subterranean geology or
structure.
[0015] Certain other exemplary embodiments provide
a method of blasting, comprising the steps of:

(1) providing a blasting apparatus as described
above;
(2) placing the at least two detonators at the blast
site;
(3) programming the at least two detonators with de-
lay times to an accuracy of about 0.1 ms or better,
said delay times being stored in each memory means
as a number of counts for each corresponding oscil-
lator;
(4) transmitting a command signal to FIRE from each
of said at least one blasting machine to said at least
two detonators, thereby causing each oscillator to
count down its respective number of counts upon
completion of which an associated base charge is
initiated;

wherein steps (2) and (3) may be performed in any order
or simultaneously.
[0016] Certain other exemplary embodiments provide
a method for seismic analysis of subterranean geology
or structure, the method comprising the method of blast-
ing described above performed so that initiation of each
of the at least two detonators causes shockwaves
through or incident to said subterranean geology or struc-
ture, as well as shockwaves reflected or refracted by said
subterranean geology or structure, said shockwaves op-
tionally interfering with one another, and

(5) collecting data via at least one shockwave receiv-
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er, corresponding to said shockwaves transmitted
through or incident to said subterranean geology or
structure, and/or shockwaves reflected or refracted
by said subterranean geology or structure indicative
of said subterranean geology or structure.

[0017] Certain other exemplary embodiments provide
a method of blasting as described above for fragmenting
rock drilled with boreholes, wherein the step of placing
the at least two detonators at the blast site comprises
inserting into each borehole an explosive material and
an associated electronic detonator such that initiation of
the base charge in each detonator causes detonation of
the explosive material and the delay times of the at least
two detonators are programmed in such a manner that
shockwaves resulting from detonation of the explosive
materials interfere to cause efficient fragmentation of
rock located between or near the boreholes.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018]

Figure 1 schematically illustrates a front-elevational
view of a portion of rock to be blasted for the purposes
of tunnelling, with boreholes shown.
Figure 2 schematically illustrates a top-plan view of
rows of boreholes in rock for blasting.
Figure 3 provides a graph to schematically illustrate
a relationship between burden of interhole delay in
ms per m of spacing of boreholes (x-axis) and rock
size following fragmentation from blasting (y-axis).

DEFINITIONS:

[0019] ’Actuate’ or ’initiate’ - refers to the initiation, ig-
nition, or triggering of explosive materials, typically by
way of a primer, detonator or other device capable of
receiving an external signal and converting the signal to
cause deflagration of the explosive material.
[0020] ’About’ - generally precedes a stated parameter
to indicate that the parameter may be flexible relative to
what is actually stated. For example "about 0.1ms" in-
cludes "0.1ms +/- 25%", "0.1ms +/-10%", and "0.1ms +/-
1%". Likewise, "at least about 10kHz" includes "at least
10kHz +/-25%", "at least 10kHz +/-10%", and "at least
10kHz +/-1%". Further parameter variation other than
those stated herein may also be encompassed by the
term ’about’ depending upon context.
[0021] ’Automated / automatic blasting event’ - encom-
passes all methods and blasting systems that are ame-
nable to establishment via remote means for example
employing robotic systems at the blast site. In this way,
blast operators may set up a blasting system, including
an array of detonators and explosive charges, at the blast
site from a remote location, and control the robotic sys-
tems to set-up the blasting system without need to be in
the vicinity of the blast site.

[0022] ’Base charge’ - refers to any discrete portion of
explosive material in the proximity of other components
of the detonator and associated with those components
in a manner that allows the explosive material to actuate
upon receipt of appropriate signals from the other com-
ponents. The base charge may be retained within the
main casing of a detonator, or alternatively may be lo-
cated nearby the main casing of a detonator. The base
charge may be used to deliver output power to an external
explosives charge to initiate the external explosives
charge.
[0023] ’Blasting machine’ - any device that is capable
of being in signal communication with electronic detona-
tors, for example to send ARM, DISARM, and FIRE sig-
nals to the detonators, and / or to program the detonators
with delay times and / or firing codes. The blasting ma-
chine may also be capable of receiving information such
as delay times or firing codes from the detonators directly,
or this may be achieved via an intermediate device to
collect detonator information and transfer the information
to the blasting machine, such as a logger.
[0024] ’Booster’ - refers to any device of the present
invention that can receive wireless command signals
from an associated blasting machine, and in response
to appropriate signals such as a wireless signal to FIRE,
can cause actuation of an explosive charge that forms
an integral component of the booster. In this way, the
actuation of the explosive charge may induce actuation
of an external quantity of explosive material, such as ma-
terial charged down a borehole in rock. In selected em-
bodiments, a booster may comprise the following non-
limiting list of components: a detonator comprising a firing
circuit and a base charge; an explosive charge in oper-
ative association with said detonator, such that actuation
of said base charge via said firing circuit causes actuation
of said explosive charge; a transceiver for receiving and
processing said at least one wireless command signal
from said blasting machine, said transceiver in signal
communication with said firing circuit such that upon re-
ceipt of a command signal to FIRE said firing circuit caus-
es actuation of said base charge and actuation of said
explosive charge.
[0025] ’Borehole’ - generally refers to an elongate hole
or recess, preferably cylindrical in form, drilled into a sec-
tion of rock for loading, for example, explosive materials
and initiation primers for actuating the explosive materi-
als. However, boreholes may take any shape or form that
is amenable to receiving explosive materials.
[0026] ’Burden’ - refers to a thickness of rock between
a nearby borehole or row of boreholes (into which an
explosive charge or charges may be loaded) and the free
surface or face of rock for example formed from a previ-
ous blasting event. A burden may also be referred to as
a thickness of rock to be removed by a blasting event
such as the detonation of an explosive charge in a bore-
hole or row of boreholes.
[0027] ’Central command station’ - refers to any device
that transmits signals via radio-transmission or by direct
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connection, to one or more blasting machines. The trans-
mitted signals may be encoded, or encrypted. Typically,
the central blasting station permits radio communication
with multiple blasting machines from a location remote
from the blast site.
[0028] ’Charge / charging’ - refers to a process of sup-
plying electrical power from a power supply to an energy
storage device, with the aim of increasing an amount of
electrical charge or energy stored by the energy storage
device. As desired in preferred embodiments, the charge
in the energy storage device surpasses a threshold suf-
ficiently high such that discharging of the energy storage
device via a firing circuit causes actuation of a base
charge associated with the firing circuit.
[0029] ’Clock’ - encompasses any clock suitable for
use in connection with a blasting apparatus and detona-
tor or detonator assembly of the invention, for example
to time delay times for detonator actuation during a blast-
ing event. In particularly preferred embodiments, the term
clock relates to a crystal clock, for example comprising
an oscillating quartz crystal of the type that is well know,
for example in conventional quartz watches and timing
devices. Crystal clocks may provide particularly accurate
timing in accordance with preferred aspects of the inven-
tion.
[0030] ’Conversion means’ - refers to any hardware or
software component that receives information regarding
a specific delay time for a detonator, and converts the
delay time into a number of oscillation counts for a clock
associated with the detonator, according to the speed of
the clock.
[0031] ’Detonator’ - refers to any detonator that in-
cludes a base charge actuatable upon receipt by the det-
onator of a command signal to FIRE. Typically a detona-
tor will include a detonator shell for retaining the base
charge and other components of the detonator if present.
Such other components may include means to receive
and / or process incoming command signals, or optionally
memory means to store data including but not limited to:
detonator identification codes, firing times, delay times,
anti-collision response times etc. The term "detonator"
may be interchanged with "detonator assembly" if appro-
priate.
[0032] ’Detonator assembly’ - refers to any assembly
that comprises a detonator (comprising in its minimal
form a base charge actuatable upon receipt by the det-
onator of a command signal to FIRE) together with at
least one other component. Such other components may
include, but are not limited to: means to receive and / or
process incoming command signals, or optionally mem-
ory means to store data including but not limited to: det-
onator identification codes, firing times, delay times, anti-
collision response times etc. , a booster housing, a boost-
er explosive charge, an explosive charge, a transmitter,
a receiver, a transceiver etc. Depending upon context
the expression "detonator assembly" may be inter-
changed with "detonator" if appropriate.
[0033] ’Energy storage means’ - refers to any device

capable of storing electric charge or energy. Such a de-
vice may include, for example, a capacitor, diode, re-
chargeable battery or activatable battery. At least in pre-
ferred embodiments, the potential difference of electrical
energy used to charge the energy storage device is less
or significantly less than the potential difference of the
electrical energy upon discharge of the energy storage
device into a firing circuit. In this way, the energy storage
device may act as a voltage multiplier, wherein the device
enables the generation of a voltage that exceeds a pre-
determined threshold voltage to cause actuation of a
base charge connected to the firing circuit.
[0034] ’Explosive charge’ or ’Explosive material’ - in-
cludes an discreet portion of an explosive substance con-
tained for example or substantially contained within a
borehole. The explosive charge is typically of a form and
sufficient size to receive energy derived from the actua-
tion of a base charge of a detonator, thereby to cause
ignition of the explosive charge. Where the explosive
charge is located adjacent or near to a further quantity
of explosive material, such as for example explosive ma-
terial charged into a borehole in rock, then the ignition of
the explosive charge may, under certain circumstances,
be sufficient to cause ignition of the entire quantity of
explosive material, thereby to cause blasting of the rock.
The chemical constitution of the explosive charge may
take any form that is known in the art, most preferably
the explosive charge may comprise TNT or pentolite.
[0035] ’Ground vibrations’ - refer to unwanted vibra-
tions in and around a blast site that sometimes do not
contribute to rock fragmentation or fracture or to seismic
analysis. Such ground vibrations can lead to unwanted
disruption of rock or subterranean structures and strata
giving rise to safety concerns. Excessive ground vibra-
tions may be caused, for example, by positive interfer-
ence of shockwaves propagated from explosive charges
in multiple boreholes at substantially the same time, or
at a similar time.
[0036] ’Interference’ or ’interaction’ - refers to the in-
teraction of at least some shockwaves originating from
different sources (e.g. from the same borehole or from
different boreholes) or from the same original source (e.g.
shockwaves originating from detonation of a single ex-
plosive charge, but reflected and refracted by under-
ground structures) to give rise to improved disruption,
fragmentation or fracture of rock between or near the
boreholes. For example, shockwaves may cooperate to
give rise to shear forces to help further enhance rock
breakage and disruption.
[0037] Wave interaction is also used in seismic sur-
veying to help map underground structures. Interference
of shock waves does not only refer to collision of the
compressive parts of two shock waves. It may be found
that benefits are achieved by having the compressive
part of a first shock wave interact with the shear wave
trailing a second shock wave. Alternatively, blast timing
may be designed so as to avoid, but only just, the inter-
action of the compressive parts of two shock waves. Al-
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ternatively, it may be desirable to arrange for a second
shock wave to interact at a specific point in the develop-
ment of the fracture pattern following a first shock wave.
[0038] ’Logger / Logging device’ - includes any device
suitable for recording information with regard to compo-
nents of the blasting apparatus of the present invention,
such detonators. The logger may transmit or receive in-
formation to or from the components. For example, the
logger may transmit data to detonators such as, but not
limited to, detonator identification codes, delay times,
synchronization signals, firing codes, positional data etc.
Moreover, the logger may receive information from a det-
onator including but not limited to, detonator identification
codes, delay times, information regarding the environ-
ment or status of the detonator, information regarding
the capacity of the detonator to communicate with an
associated blasting machine. Preferably, the logging de-
vice may also record additional information such as, for
example, identification codes for each detonator, infor-
mation regarding the environment of the detonator, the
nature of the explosive charge in connection with the det-
onator etc. In selected embodiments, a logging device
may form an integral part of a blasting machine, or alter-
natively may pertain to a distinct device such as for ex-
ample, a portable programmable unit comprising mem-
ory means for storing data relating to each detonator,
and preferably means to transfer this data to a central
command station or one or more blasting machines. One
principal function of the logging device, is to read the
detonator so it can subsequently be "found" by an asso-
ciated blasting machine, and have commands such as
FIRE commands directed to it as appropriate. A logger
may communicate with a detonator either by direct elec-
trical connection (interface) or a wireless connection of
any type.
[0039] ’Memory means’ - refers to any hardware or
software component that is capable or storing, either on
a temporary, semi-permanent, or permanent basis, a da-
ta package. For example, a memory means of a detona-
tor or detonator assembly as disclosed herein may be
associated with a specific detonator, and store detonator
identification and / or delay time information specific for
or programmed into the detonator or detonator assembly.
[0040] ’Oscillator’ - refers to any electronic device ca-
pable of generating a recurring waveform such as an
alternating current or voltage, or a digital process used
by a synthesizer to generate the same. Such an oscillator
may include any type of clock, crystal device, or ceramic
resonator, and the rate of oscillation may be set or se-
lected according to a desired rate for a particular appli-
cation. In accordance with the oscillators used in various
embodiments of the present invention, the rate of oscil-
lation may be in excess of 5kHz, about 10kHz, or greater
than 10kHz, or greater than 20kHz, or greater than
40kHz.
[0041] ’Preferably’ - identifies preferred features of the
invention. Unless otherwise specified, the term prefera-
bly refers to preferred features of the broadest embodi-

ments of the invention, as defined for example by the
independent claims, and other inventions disclosed here-
in.
[0042] Receiver: refers to any device that can receive
and / or transmit signals (whether received via wired or
wireless connection). Although the term "receiver" tradi-
tionally encompasses a device that can only receive sig-
nals, a receiver when used in accordance with the
present invention includes a device that can function as
both a receiver and transmitter of signals. For example,
under specific circumstances the receiver may be located
in a position where it is able to receive signals from a
source, but not able to transmit signals back to the source
or elsewhere. In very specific embodiments, where the
receiver forms part of a booster or wireless detonator
assembly located underground, the receiver may be able
to receive signals through-rock from a wireless source
located above a surface of the ground, but be unable to
transmit signal back through the rock to the surface. In
these circumstances the receiver optionally may have
any signal transmission function disabled or absent. In
other embodiments, the receiver may transmit signals
only to a logger via direct electrical connection, or alter-
natively via short-range wireless signals. In other embod-
iments, a receiver may comprise a memory for storing a
delay time, and may be programmable with a delay time
(this is especially useful when the detonator and compo-
nents thereof are not programmable, as may be the case
for example with a non-electric electric, or selected py-
rotechnic detonator).
[0043] ’Rock’ includes all types of rock, including shale
etc.
[0044] ’Selectable to an accuracy of X ms or better’ -
refers to delay times selectable in accordance with the
blasting apparatuses, components thereof, and methods
of the present invention, which are selectable with a high
degree of accuracy. For example, delay times may be
selected and programmed with an accuracy to the near-
est tenth of a millisecond or even better, including for
example an accuracy to the nearest twentieth, fiftieth, or
hundredth of a millisecond. For complete clarity, the term
"better" in this context refers to an even smaller time pe-
riod (i.e. an even high degree of temporal resolution) rel-
ative to the millisecond amount actually specified. There-
fore, the expression "an accuracy of 0.1ms or better"
would encompass a delay time programmed to the near-
est 0.1ms, a delay time programmed to the nearest
0.05ms, and a delay time programmed to the nearest
0.01ms.
[0045] ’Shockwave’ - refers to a spreading, abrupt but
steady change in density, pressure, and / or temperature
of material (e.g. rock) to be blasted. Such a shockwave
may develop when a large amount of energy is released,
for example by initiation of a quantity of explosive mate-
rial, such as explosive material located in a borehole in
rock, with the help of an electronic detonator. The fore-
front of this spreading energy represents a shockwave.
A shockwave may also be considered a compression

9 10 



EP 2 165 153 B1

7

5

10

15

20

25

30

35

40

45

50

55

wave whose velocity exceeds a normal speed of sound
in a medium such as rock, or a compression wave prop-
agating pressure at well above the strength of a material
in which the shockwave is propagating and therefore giv-
ing a very steep pressure rise in which viscous effects
and thermal conductivity lead to an increase in entropy.
[0046] ’Top-box’ - refers to any device forming part of
a wireless detonator assembly that is adapted for location
at or near the surface of the ground when the wireless
detonator assembly is in use at a blast site in association
with a bore-hole and explosive charge located therein.
Top-boxes are typically located above-ground or at least
in a position in, at or near the borehole that is more suited
to receipt and transmission of wireless signals, and / or
for relaying these signals to the detonator down the bore-
hole. In preferred embodiments, each top-box comprises
(one or more selected components of the wireless deto-
nator assembly of the present invention.
[0047] ’Wireless detonator assembly’ - refers in gen-
eral to an assembly encompassing a detonator, most
preferably an electronic detonator (typically comprising
at least a detonator shell and a base charge) as well as
wireless signal receiving and processing means to cause
actuation of the base charge upon receipt by said wire-
less detonator assembly of a wireless signal to FIRE from
at least one associated blasting machine. For example,
such means to cause actuation may include signal re-
ceiving means, signal processing means, and a firing cir-
cuit to be activated in the event of a receipt of a FIRE
signal. Preferred components of the wireless detonator
assembly may further include means to wirelessly trans-
mit information regarding the assembly to other assem-
blies or to a blasting machine, or means to relay wireless
signals to other components of the blasting apparatus.
Other preferred components of a wireless detonator as-
sembly will become apparent from the specification as a
whole. The expression "wireless detonator assembly"
may in very specific embodiments pertain simply to a
wireless signal relay device, without any association to
an electronic delay detonator or any other form of deto-
nator. In such embodiments, such relay devices may
form wireless trunk lines for simply relaying wireless sig-
nals to and from blasting machines, whereas other wire-
less detonator assemblies in communication with the re-
lay devices may comprise all the usual features of a wire-
less detonator assembly, including a detonator for actu-
ation thereof, in effect forming wireless branch lines in
the wireless network. A wireless detonator assembly may
further include a top-box as defined herein, for retaining
specific components of the assembly away from an un-
derground portion of the assembly during operation, and
for location in a position better suited for receipt of wire-
less signals derived for example from a blasting machine
or relayed by another wireless detonator assembly.
[0048] ’Wireless’ - refers to there being no physical
connections (such as electrical wires, shock tubes,
LEDC, or optical cables) connecting the detonator of the
invention or components thereof to an associated blast-

ing machine or power source.
[0049] ’Wireless electronic booster’ - refers to in gen-
eral to a device comprising a detonator, most preferably
an electronic detonator (typically comprising at least a
detonator shell and a base charge) as well as means to
cause actuation of the base charge upon receipt by said
booster of a signal to FIRE from at least one associated
blasting machine. For example, such means to cause
actuation may include a transceiver or signal receiving
means, signal processing means, and a firing circuit to
be activated in the event of a receipt of a FIRE signal.
Preferred components of the wireless booster may fur-
ther include means to transmit information regarding the
assembly to other assemblies or to a blasting machine,
or means to relay wireless signals to other components
of the blasting apparatus. Such means to transmit or relay
may form part of the function of the transceiver. Other
preferred components of a wireless booster will become
apparent from the specification as a whole. Further ex-
amples of wireless electronic boosters are disclosed for
example in international patent publication WO
07/124539 published November 8, 2007.
[0050] ’Wireless electronic delay detonator (WEDD)’ -
refers to any electronic delay detonator that is able to
receive and / or transmit wireless signals to / from other
components of a blasting apparatus. Typically, a WEDD
takes the form of, or forms an integral part of, a wireless
detonator assembly as described herein.

DETAILED DESCRIPTION OF THE INVENTION

[0051] Electronic detonators are generally known in
the art with a capacity for delay time programming to the
nearest millisecond. However, the inventors recognize
that blasting apparatuses and corresponding detonators
having even greater degrees of delay time accuracy
would be desirable, for both mining and seismic applica-
tions. To this end, the inventors have developed detona-
tors and corresponding blasting apparatuses employing
such detonators, which enable execution of a blasting
event with much greater degrees of accuracy compared
to those of the prior art. These have presented significant
and unexpected advantages over the prior art as will be-
come apparent from the disclosure herein.
[0052] Through careful consideration, the inventors
have reviewed the requirements for shockwave interfer-
ence at a blast site. Shockwaves resulting from detona-
tion of explosive charges typically travel through rock at
about 2,000-6,000 m/s. Moreover, the sonic velocity of
rock typically varies from about 2,500-5,500 m/s (al-
though this may vary according to the material of the
rock, rock structure, water content etc.) It follows that the
shockwaves resulting from initiation of explosive charges
may typically have a velocity in the order of approximately
5,000 m/s, or 5 metres per millisecond. Thus, if the timing
of initiation of explosive charges is controlled to a time
precision of +/- 1ms, then the propagating shockwaves
passing though the rock will have a progressive shock-
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wave front at a position that may vary by up to 5 metres
relative to its ’expected’ position in the rock.
[0053] When blasting to fragment rock, boreholes are
often drilled into the rock from 0.5m to 20m apart (more
typically 3-10m apart) into which an explosive material
is inserted. Often, the boreholes are located relative to
one another in a precise manner to achieve a desired
blasting pattern. However, according to the inventors’
analysis, typical propagation of a shockwave (on the ba-
sis of delay time accuracy to the nearest millisecond)
represents a relatively poor degree of precision relative
to the spacing of the boreholes, and the charges retained
therein. After all, as discussed above, at any one time
the position of the shockwave may be known with an
accuracy of only 10 metres (+/- 5 metres) from an ’ex-
pected’ position, and yet the boreholes are often located
closer than 10 metres from one another. It follows that
precise interference of shockwaves from adjacent or
nearby boreholes, in a calculated manner, is difficult or
impossible to achieve with present technology involving
delay timing to the nearest millisecond.
[0054] In light of the above, the inventors recognize
the importance of shockwave interference, and impor-
tantly the need for control of such interference through
much more precise control of delay times for detonator
initiation. With delay time accuracy to then nearest milli-
second, it is difficult or impossible to regulate shockwave
interference between adjacent boreholes just a few me-
tres apart. A much greater degree of delay time accuracy
would be required if more precise and regulated shock-
wave interference is to be achieved. If a blast operator
wishes to achieve shockwave interference of shock-
waves just 2-3 metres from a borehole, it is necessary
to control and have knowledge of a position of a shock-
wave emanating from an adjacent borehole with an ac-
curacy of less than 1 metre, preferably less than 0.5m.
In turn, this requires an ability to regulate delay times for
detonators at the blast site with an accuracy of 0.1ms or
better. Indeed, in certain explosives engineering appli-
cations with close-spaced blastholes, such as tunnelling,
it would be preferable to be able to control the position
of shockwaves within 10 cm.
[0055] The invention thus provides blasting apparatus-
es, and corresponding methods for blasting, that involve
the use of detonators capable of being programmed with
delay times selectable to an accuracy of about 0.1ms or
better. Such apparatuses and methods present signifi-
cant advantages. For example, in the field of mining it is
desirable to achieve fragmentation of rock, preferably
with simultaneous movement of fragmented rock in a
manner suited for subsequent recovery and collection of
the fragmented rock at the blast site. It is thus desirable
for the rock to be fragmented sufficiently so that a majority
of the fragmented rock can be loaded directly onto trans-
port vehicles without prior need for further processing or
fragmentation. To this end, the invention permits im-
proved interference of shockwaves at a blast site for im-
proved rock fragmentation. For example, detonators and

their corresponding explosive charges may be arranged
at the blast site into groups, with perhaps only a few me-
tres distance between adjacent boreholes of a single
group. The boreholes in a group may be arranged some-
what randomly for example within a limited area, or may
be arranged in a more definite fashion, for example in a
row. In any event, detonators associated with the bore-
holes (and explosive charges therein) may be pro-
grammed with delay times so that adjacent detonators
(i.e. pairs of detonators that are closer to one another
than to other detonators in the group) actuate simultane-
ously, or nearly simultaneously, upon receipt of a com-
mand signal to FIRE from an associated blasting ma-
chine. For example, the detonators arranged in a row of
boreholes may be programmed so that each detonator
in the row actuates 0.1ms following actuation of a previ-
ous detonator in the row. In this way, the row of detonators
may actuate such that each detonator is initiated at a
different time to all other detonators in the row, but all
detonators fire within a very short time window, perhaps
less than one or only a few milliseconds in length. Deto-
nators and their associated explosive charges in other
groups at the blast site (e.g. other rows) may be caused
to actuate at the same time, or within an overlapping time
window, as the first group. Alternatively, the other groups
may actuate perhaps several milliseconds apart from the
first (or other) groups to help reduce unwanted ground
vibrations. In any event, the timing of detonator actua-
tions with a delay time accuracy of 0.1 ms or better
achieves excellent shockwave interference between ad-
jacent and / or nearby explosive charges helping to
achieve dramatic improvements in rock fragmentation
and / or movement.
[0056] Other embodiments of the apparatuses and
methods of the invention may be applied to seismic pros-
pecting. Typically, seismic prospecting involves the initi-
ation of explosive charges to cause shockwaves to travel
through the ground, rock and subterranean structures.
Subsequent monitoring of the interaction of the shock-
waves with subterranean layers or structures, including
receipt of shockwaves that have been reflected, refracted
or otherwise deflected by such layers or structures, or
interfaces therebetween, can provide seismic prospec-
tors with valuable information. For example, such infor-
mation may permit seismic ’mapping’ to investigate lo-
cations of mineral, oil, or gas deposits beneath the ground
or beneath the sea.
[0057] Typically, seismic mapping involves the use of
two (possibly more) explosive charges that are detonated
simultaneously, but spatially distanced from one another.
The interaction of two sets of shockwaves with one an-
other, as well as with subterranean structures and layers,
further enhances the quality and quantity of data availa-
ble for analysis. In effect, the subterranean structures
and layers under the same area of land (or sea) are
"viewed" from more than one angle or orientation. For
example, an explosive charge may be actuated just to
the north of an area under study, with receipt of signals
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by a receiver just to the south of the area. Simultaneously,
an explosive charge may be actuated just to the south
of the same area under study, with receipt of signals by
a receiver just to the north of the area. Comparison and
correlation of the data from each "viewpoint" of the study
area, may improve the overall quality of the seismic anal-
ysis, may permit dismissal of data anomalies, and reduc-
tion of noise.
[0058] The interaction of shockwaves during seismic
analysis can provide valuable information, and enrich the
quality of data available, particularly when the interaction
involves shockwaves from spaced-apart explosive
charges. However, to date analysis of shockwave inter-
action has only been practical if the shockwaves are de-
rived from explosive charges that initiate simultaneously.
In the field, explosive charges for seismic prospecting
may be located many metres, perhaps many hundreds
of metres, from one another. Even with millisecond ac-
curacy for delay times (as permitted by electronic blasting
systems known in the art), regulation of shockwave in-
teraction has been extremely difficult to achieve or predict
unless the explosive charges are initiated at precisely
the same time. The use of delay times, to delay one ex-
plosive charge compared to another, by one or multiple
milliseconds is impractical since the relative positions of
the shockwaves derived from each explosive charge can
only be estimated with very limited accuracy. Thus, the
resulting seismic data is only of limited use, since the
geologist undertaking the study cannot be certain how
or where the shockwaves from different sources interact
in the subterranean environment.
[0059] Here, the present invention, at least in preferred
embodiments, presents significant advantages for seis-
mic prospecting. The apparatuses and methods of the
invention permit explosive charges to be actuated within
a delay time accuracy of about 0.1ms, or even better in
some cases. In this way, actuation of a first explosive
charge may be followed, for example, by actuation of a
second explosive charge located say 100m from the first
explosive charge with a delay time of 0.16ms between
the explosive charges. The geologist, using an appropri-
ate receiver, together with data retrieval and analysis
tools, would then be able to interpret the resulting seismic
data, secure in the knowledge of the precise delay time
that gave rise to the data. If required, the seismic tests
could then be repeated using the same 100m distance
and 0.16ms delay time between the explosive charges
to confirm the initial data. Alternatively, the seismic test
could be repeated but with slightly altered parameters.
For example, the first explosive charge could be initiated
0.16ms after the second explosive charge. Alternatively,
a series of seismic tests could be conducted with the
same explosive charge, located the same 100m distance
apart, but with 0ms, 0.2ms, 0.4ms, 0.6ms, 0.8ms, 1.0ms,
1.2ms. 1.4ms, 1.6ms, 1.8ms, and 2.0ms apart. The re-
sulting data, and correlation thereof, provides a greater
depth of information and a much more accurate "picture"
of subterranean layers and structures. Computer-based

resolution and comparison of the total raw seismic data,
via well known algorithms, permits significance advances
in the quality of data analysis, by virtue of the use of
blasting apparatuses and methods, capable of firing det-
onators (and actuating associated explosive charges)
with a delay time accuracy of 0.1 ms or better. Any skilled
artisan will recognize that, for the purposes of seismic
prospecting, a wide range of seismic tests could be con-
ducted using very specific delay times between two or
more detonators at the blast site. These delay times, and
the extent of tests conducted, would depend upon pre-
vailing conditions, subterranean layers and structure,
through ground velocity of shockwaves, and other vari-
ables at the blast site. Therefore, a skilled operator may
be required to tailor the use of the blasting apparatuses
and methods of the invention to the specific needs of the
test site.
[0060] For clarification, any of the embodiments of the
blasting apparatuses and corresponding methods of the
present invention disclosed herein may involve any
means for communicating between each blasting ma-
chine and each detonator or detonator assembly. For
example, this includes ’traditional’ wired communication
involving for example the use of electrical wires, or non-
electrical physical connection such as shock tube or low-
energy detonating cord. In other embodiments, the in-
vention encompasses blasting apparatuses and corre-
sponding methods that employ wireless communication
means to transmit and receive wireless communication
signals, including programming and / or command sig-
nals, between each blasting apparatus and each deto-
nator. Such wireless signals may involve electromagnet-
ic energy such as radio waves, or alternatively may in-
volve laser light, or acoustic means. Typically, but not
necessarily, blasting machines may communicate wire-
lessly with a wireless detonator assembly comprising a
detonator together with other components suitable for
receipt, processing, and optionally transmission, of wire-
less signals. Such other components may be located
near or adjacent the detonator, or may be housed within
a "top-box" adapted to be located at or above the surface
of the ground, for example when the detonator is located
down a borehole in rock at the blast site. Examples of
wireless blasting apparatuses, and components thereof,
that are known in the art include those disclosed in WO
2006/047823 published May 11, 2006, WO 2006/076777
published July 27, 2006, WO 2006/096920 published
September 21, 2006, and WO 2007/124539 published
November 8, 2007.
[0061] The following examples illustrate preferred em-
bodiments of the invention, and are in no way intended
to be limiting with respect to the broadest embodiments
of the invention as claimed.

EXAMPLE 1 - Blasting apparatus with high accuracy

[0062] In one preferred embodiment of the invention
there is provided a blasting apparatus for executing a
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blast plan for at least two detonators each programmable
with a blasting delay time selectable to an accuracy of
about 0.1ms or better. In this embodiment the blasting
apparatus comprises: at least one blasting machine for
communicating at least one command signal to at least
two associated detonators, wherein the command sig-
nal(s) may include at least including a FIRE signal to fire
or initiate the detonators. The blasting apparatus may
comprise: at least two detonators, each comprising:

i) a base charge;
ii) a firing circuit selectively connectable to the base
charge;
iii) energy storage means for storing energy for ini-
tiation of the base charge via the firing circuit;
iv) an oscillator having a fixed and stable or calibrat-
able frequency of at least about 10 kHz;
v) memory means for storing a delay time corre-
sponding to a number of counts of the oscillator;
vi) a receiver for receiving the at least one command
signal from the blasting machine;

whereby upon receipt by the receiver of the FIRE signal,
the oscillator commences a count down of the number
of counts, and upon completion of the countdown the
energy storage means discharges the energy stored
therein into the firing circuit to initiate the base charge.
In this way, each detonator comprises an oscillator ca-
pable of counting down a delay time with a degree of
accuracy of about 0.1ms or greater. For example, if the
oscillator has a frequency of precisely 10kHz and a delay
time of 3.6ms is required, then the oscillator (following
receipt of a command signal to FIRE) counts 36 oscillator
counts before energy is discharged into the firing circuit
to fire the base charge. If the oscillator has a frequency
of 20kHz, then 72 oscillator counts may be required to
achieve the same delay time. Preferably, the detonator
includes means to assess an oscillator frequency, op-
tionally recalibrate the oscillator if required, and calculate
a number of oscillator counts suitable to achieve a de-
sired delay time.
[0063] The oscillator may take any form suitable to
achieve high frequency rates such as 10kHz. For exam-
ple, an oscillator may take the form of any clock, crystal
device, or ceramic oscillator. Preferably, the oscillator
may be capable of a frequency greater than 20kHz or
greater than 40kHz, thereby further improving the accu-
racy of delay time programming and execution. In espe-
cially preferred embodiments, the oscillator may have a
frequency of up to or more than about 100kHz, so that
corresponding oscillator counts may permit delay time
accuracy of within 0.01ms to be achieved.
[0064] Each detonator may have a calibrated oscillator
and pre-programmed delay time established upon man-
ufacture in the factory, or at least prior to placement at
the blast site. However, in preferred embodiments of the
invention each detonator may be individually program-
mable with a delay time after placement at the blast site,

and may include conversion means to convert each delay
time to a required number of counts to achieve the de-
sired delay time following receipt by the detonator of a
command signal to FIRE. For example a delay time for
each detonator may be transmitted to each detonator by
the at least one blasting machine via either wired or wire-
less communication.
[0065] Alternatively, an associated blasting machine
may calculate, for each detonator, according to a fre-
quency of each oscillator associated with each detonator,
a number of oscillator counts required to execute a de-
sired delay time for each detonator, and may transmit
each required number of oscillator counts to each deto-
nator. In still further embodiments of the invention, a
blasting apparatus may further include a portable logging
device suitable for communication via short range wired
or wireless communication with each detonator posi-
tioned at the blast site, to program each detonator with
its corresponding delay time. Such logging devices are
well known in the art. In preferred embodiments, the port-
able logging device may calculate, for each detonator,
according to a frequency of each oscillator associated
with each detonator, a number of oscillator counts re-
quired to execute a desired delay time for each detonator,
and transmit each number of oscillator counts to each
detonator.
[0066] The detonators receive command signals from
at least one blasting machine, wherein such signals in-
clude at least one signal to FIRE the detonators. Prefer-
ably, the command signals, and in particular the com-
mand signal to FIRE, are transmitted to the detonators
simultaneously. For example, the command signal to
FIRE may be a single signal broadly transmitted on one
occasion by a blasting machine, for receipt by all of the
detonators at the blast site. The detonators may then
receive the signal simultaneously, or virtually simultane-
ously, depending upon their proximity to the blasting ma-
chine and / or their communication route with the blasting
machine. In this way, simultaneous or near simultaneous
receipt of the signal to FIRE by all detonators enables
commencement by each detonator of countdown of its
respective programmed number of oscillator counts, re-
sulting in execution of the blasting event in accordance
with the pre-programmed detonator delay times.

EXAMPLE 2 - Detonator with high accuracy timing of 
delay time actuation

[0067] In other embodiments, the invention also en-
compasses detonators or detonator assemblies for use
as a component of the blasting apparatuses previously
described. Such detonators or detonator assemblies are
programmable to an accuracy of about 0.1ms or better,
and may comprise:

i) a base charge;
ii) a firing circuit selectively connectable to the base
charge;
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iii) energy storage means for storing energy for ini-
tiation of the base charge via the firing circuit;
iv) an oscillator having a fixed and stable or calibrat-
able frequency of at least about 10 kHz;
v) memory means for storing a delay time corre-
sponding to a number of counts of the oscillator;
vi) a receiver for receiving the at least one command
signal from an associated blasting machine.

[0068] As discussed, upon receipt by the receiver of
the FIRE signal from an associated blasting machine,
the oscillator commences a count down of the number
of counts, and upon completion of the countdown the
energy storage means discharges the energy stored
therein into the firing circuit to initiate the base charge.
In this way, the detonator may be programmed with a
delay time having a temporal resolution corresponding
to the frequency of the oscillator - i.e. delay times may
be programmed with a temporal resolution of 0.1ms or
less.

EXAMPLE 3 - Method of blasting with high accuracy 
timing of detonator actuation

[0069] The invention further encompasses various
methods of blasting, either for mining and rock fragmen-
tation, or for seismic prospecting, that generally involve
the blasting apparatuses of the invention. For example,
one preferred method involves the steps of:

(1) providing a blasting apparatus of the invention;
(2) placing the at least two detonators at the blast
site each in association with an explosive charge;
(3) programming the at least two detonators with de-
lay times to an accuracy of about 0.1 ms or better,
the delay times being stored in each memory means
as a number of counts for each corresponding oscil-
lator;
(4) transmitting a command signal to FIRE from each
of the at least one blasting machine to the at least
two detonators, thereby causing each oscillator to
count down its respective number of counts upon
completion of which an associated base charge is
initiated;

wherein steps (2) and (3) may be performed in any order
or simultaneously.
[0070] The programming of the detonators with delay
times may be achieved by any suitable means either up-
on factory manufacture of the detonators, or before or
after placement at the blast site. Moreover, the method
of command signal transmission from the blasting ma-
chine(s) to the at least two detonators may be achieved
via any suitable means including wire transmission or
wireless transmission. Although step 3 specifies an ac-
curacy of about 0.1ms or better, the accuracy of delay
time programming and execution may be even better
than 0.1ms, for example 0.05ms or better, or 0.01ms or

better, depending upon the clocks available.

EXAMPLE 4 - Apparatus for seismic prospecting

[0071] Specific to embodiments for seismic prospect-
ing, the invention provides in still further preferred em-
bodiments for a seismic assessment apparatus for seis-
mic assessment of subterranean geology or structure,
the apparatus including:

(a) at least one blasting machine for communicating
at least one command signal to at least one associ-
ated detonator, at least including a FIRE signal;
(b) at least two detonators programmable to an ac-
curacy of about 0.1ms or better, each comprising:

i) a base charge;
ii) a firing circuit selectively connectable to the
base charge;
iii) energy storage means for storing energy for
initiation of the base charge via the firing circuit;
iv) an oscillator having a fixed and stable or cal-
ibratable frequency of at least about 10 kHz;
v) memory means for storing a delay time cor-
responding to a number of counts of the oscil-
lator;
vi) a receiver for receiving the at least one com-
mand signal from the blasting machine;

whereby upon receipt by the receiver of the FIRE
signal, each oscillator commences a count down of
the number of counts, and upon completion of the
countdown the energy storage means discharges
the energy stored therein into the firing circuit to in-
itiate the base charge, so that initiation of the at least
one detonator causes shockwaves through or inci-
dent to the subterranean geology or structure, as
well as shockwaves reflected or refracted by the sub-
terranean geology or structure, the shockwaves op-
tionally interfering with one another in accordance
with a relative time of initiation of the detonators; and
(c) at least one receiver for receiving the shockwaves
transmitted through or incident to the subterranean
geology or structure, or shockwaves reflected or re-
fracted by the subterranean geology or structure,
thereby to permit collation of data indicative of the
subterranean geology or structure. Each detonator
may be programmed to initiate at a different time to
some or all other detonators in the blasting appara-
tus, the times being known with a significant degree
of accuracy, such that a position of shockwaves em-
anating from explosive charges is substantially
known for the purposes of data collection and anal-
ysis.

[0072] In preferred embodiments, the at least two det-
onators may be delineated into at least a first set of at
least one detonator, and a second set of at least one
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detonator, so that the detonators within any particular set
initiate at different times spaced temporally close togeth-
er. In this way, resultant shockwaves from initiation of
detonators within a set may interfere with one another
prior to dissipation. In contrast, detonators in different
sets may initiate at times sufficiently temporally spaced
such that resultant shockwaves from detonators in dif-
ferent sets substantially dissipate without interference.
For example, the first set may comprise two detonators
that initiate at different times spaced X ms apart but being
sufficiently close so that resultant shockwaves interfere
with one another. The second set comprises two deto-
nators that initiate at different times spaced Y ms apart
being sufficiently close so that resultant shockwaves in-
terfere with one another. However, since X and Y are
different a more complex set of data may be obtained
indicative of an alternative degree or pattern of shock-
wave interference. Thus, the overall ’picture’ developed
by computer-analysis of the received data can be better
clarified.

EXAMPLE 5 - Method for seismic prospecting

[0073] The invention also encompasses correspond-
ing methods for seismic analysis of subterranean geol-
ogy or structure. In preferred embodiments, such meth-
ods may comprise the steps of:

(1) providing a seismic assessment apparatus of the
invention;
(2) placing the at least two detonators at the blast
site;
(3) programming the at least two detonators with de-
lay times to an accuracy of about 0.1 ms or better,
the delay times being stored in each memory means
as a number of counts for each corresponding oscil-
lator;
(4) transmitting a command signal to FIRE from each
of the at least one blasting machine to the at least
two detonators, thereby causing each oscillator to
count down its respective number of counts upon
completion of which an associated base charge is
initiated;
(5) collecting data via the at least one receiver, cor-
responding to the shockwaves transmitted through
or incident to the subterranean geology or structure,
and / or shockwaves reflected or refracted by the
subterranean geology or structure indicative of the
subterranean geology or structure;

wherein steps (2) and (3) may be performed in any order
or simultaneously.
[0074] Steps 2 to 5 may also be repeated, not neces-
sarily sequentially, but with different delay times between
detonators relative to one another, to achieve alternative
data sets for the shockwave interaction with the subter-
ranean structure and geology.
[0075] It should also be noted that the apparatuses and

methods of the present invention may be used independ-
ent to, or in conjunction with, other methods for blasting
that are known in the art, including but not limited to In-
ternational Patent Publication WO 2005/124,272 pub-
lished December 29, 2005, and Canadian Patent Appli-
cation 2,306,536 published October 23, 2000.
[0076] The blasting apparatus and methods of the
present invention have numerous useful applications.
These present advantages for improved blasting tech-
niques, or improved blasting results, in many different
scenarios. The following examples illustrate merely a few
such scenarios, and explain how in different blasting en-
vironments the apparatus and methods of the present
invention may be employed in the field.

EXAMPLE 6 - "Smooth-wall" underground blasting

[0077] Under specific circumstances, it may be desir-
able to conduct blasting for the purposes of obtaining an
underground cavern or chamber such as, for example,
an underground repository to store, preserve or secure
therein any type of material, including for example bio-
logical or waste materials. The underground blasting of
rock to create such underground caverns requires the
use of specific blasting techniques such as those de-
scribed for example in Chapter 7 of Applied Explosives
Technology for Construction and Mining by Stig O. Olof-
sson (pub. APPLEX, Sweden, 1988), and Chapter 9 of
Rock Blasting and Explosives Engineering by Per-An-
ders Persson et al. (pub. CRC Press, USA, 1994).
[0078] Typically, it is desirable to insert boreholes clos-
er together in the perimeter zone of rock to be blasted
(sometimes referred to as the "contour holes"), so that
the fragmentation of the rock results in a relatively smooth
internal surface to the cavern thus formed. With existing
technology, it is very difficult to achieve or regulate shock-
wave interference, especially when the explosive charg-
es in adjacent or nearby boreholes are positioned so
close together. Even detonator delay time accuracies in
the millisecond range provide insufficient accuracy. How-
ever, the present invention affords significant improve-
ments in this regard. With sub-millisecond timing of delay
times for detonator actuation it is possible to program
adjacent electronic detonators located in adjacent bore-
holes to initiate just a fraction of a millisecond apart. This
enables efficient shockwave interference between the
closely spaced boreholes, with improved rock fragmen-
tation. In addition, ground vibrations can be more care-
fully monitored and reduced. As a result, the present in-
vention permits the production of underground caverns
having internal surfaces and subsurface structures with
improved integrity and form.

EXAMPLE 7 - Blasting for tunnelling

[0079] Blasting techniques for tunnelling sometimes
require special consideration. Often, tunnelling through
rock is carried out beneath urban areas, for example for
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the purposes of creating a tunnel for urban transportation
(e.g. for vehicles, subway trains etc.) When blasting be-
neath urban areas, special care must be taken to avoid
ground vibrations which could damage existing infra-
structure, including communications conduits, as well as
water and gas pipelines. The present invention, at least
in selected embodiments, presents significant advantag-
es in this regard.
[0080] Figure 1 schematically illustrates a front eleva-
tional view of a section of rock to be blasted for the pur-
pose of extending a tunnel in a direction perpendicular
to the page. Each small black circle 10 represents a pe-
rimeter borehole in the rock that is positioned about the
perimeter of the rock to be blasted. Note that these bore-
holes 10 are located quite close together, perhaps
10-30cm apart. As discussed with reference to Example
6, the reason for this is known in the art - to form an
internal surface to the tunnel that is relatively well defined.
The apparatuses, detonators and methods of the present
invention, which involve sub-millisecond timing of elec-
tronic detonators, permit significant improvements in the
fragmentation of the rock located between the perimeter
boreholes 10, thereby to achieve a tunnel with a smooth-
er, improved and more secure internal surface. Moreo-
ver, by careful regulation of detonator actuation through
sub-millisecond delay times, unwanted ground vibrations
can be substantially reduced, thereby helping to reduce
the possibility of damage to surrounding urban infrastruc-
ture.
[0081] In preferred embodiments of the apparatuses
and methods of the present invention, wireless detonator
assemblies or wireless electronic boosters, which con-
tain the required components for sub-millisecond delay
timing, are used for underground tunnelling. Such wire-
less detonator assemblies or wireless electronic boost-
ers are particularly suited to automated mining tech-
niques, for example involving robotic placement of ex-
plosives underground. Wireless detonators assemblies
and wireless electronic boosters are described, for ex-
ample, in WO 2006/047823 published May 11, 2006, WO
2006/076777 published July 27, 2006, WO 2006/096920
published September 21, 2006, and WO 2007/124539
published November 8, 2007.
[0082] Also shown in Figure 1 are additional boreholes
11 shown as white circles defining and located in a "cut"
region 12. Typically, but not necessarily, the detonators
and explosive charges in this cut region are actuated first
to provide a hollowed-out portion in the rock in the blast
zone. The hollowed-out portion subsequently provides a
space to at least in part receive fragmented rock gener-
ated by subsequent actuation of explosives in perimeter
boreholes 10, as well as actuation of explosives in inter-
mediary boreholes 13 shown as grey circles.

EXAMPLE 8 - General perimeter blasting

[0083] General perimeter blasting includes above-
ground or surface blasting of exposed rock-faces. Typi-

cally, boreholes and explosive charges retained therein
are arranged in rows 21, 22, 23, 24, as shown for example
in Figure 2, which shows a top-plan view of the blast site.
Detonators and corresponding explosive charges in row
21 are actuated first, resulting in a fragmentation of ad-
jacent rock and general movement of the fragmented
rock in a general direction 25. Subsequently, detonators
and corresponding explosive charges in row 22 may be
actuated, again resulting in fragmentation of adjacent
rock and movement of the fragmented rock in general
direction 25. The same process may be carried out for
row 23.
[0084] Row 24 may require special consideration be-
cause it will be the final row of detonators and corre-
sponding explosive charges to be actuated, and the frag-
mentation of nearby rock, and movement of this frag-
mented rock, will result in a final wall of rock that may
remain after the blasting has been completed a the blast
site. It is especially important that this final wall of rock
have a degree of integrity for safety reasons, and at times
it may be preferred that is have a smoother and more
pleasing aesthetic appearance. The blasting apparatus
and blasting methods of the present invention may, for
example, be applied to the blasting of row 25 of detona-
tors and corresponding explosive charges. The sub-mil-
lisecond timing of detonator actuation can result in im-
proved shockwave interference between nearby or ad-
jacent boreholes, even if the boreholes are placed close
together, thus resulting in improved rock fragmentation
and reduced ground vibrations. As a result the finished
rock-face has improved integrity, with fewer fissures,
cracks, or structural weaknesses relative to a rock-face
produced by more conventional blasting techniques.
[0085] In other embodiments, the blasting apparatus
and methods of the present invention may be used to
blast rock for the purposes of generating a finish rock
wall adjacent a road or other transportation route. Again,
the improved integrity of the rock face means that the
possibility of rock falling away from the rock face and
jeopardizing the safety of the road is substantially re-
duced.

EXAMPLE 9 - "Pre-split" blasting of rock

[0086] Pre-split blasting is known in the art (see for
example Applied Explosives Technology for Construc-
tion and Mining by Stig O. Olofsson (pub. APPLEX, Swe-
den 1988), and Rock Blasting and Explosives Engineer-
ing by Per-Anders Persson et al. (pub. CRC Press, USA,
1994). Briefly, the technique includes performing a series
of preliminary, small blasts effectively to perforate or
weaken a region of rock just prior to a main, larger blasting
event. For example, a region of rock may be weakened
by a series of pre-split blasting along a line extending
along a boundary or perimeter of a region of rock to be
fragmented. This technique may be particularly useful to
fragment a region of rock whilst substantially avoiding
damage to a region of adjacent rock. Pre-split blasting is
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discussed, for example, in Applied Explosives Technol-
ogy for Construction and Mining by Stig O. Olofsson (pub.
APPLEX, Sweden 1988). Pre-split blasting is also used,
for example, in the formation of rock-faces adjacent a
transportation route such as a road.
[0087] Traditionally, detonators in a single pre-split
blasting event (e.g. to form one weakness or perforation
in the rock) may be connected via detonating cord, with-
out significant regard to the relative timing of detonator
actuation. The blasting apparatuses, detonators and cor-
responding methods of the present invention present op-
portunities for improvements in pre-split blasting through
careful programming of detonators with delay-times hav-
ing a sub-millisecond degree of accuracy. Such detona-
tors may be spatially organized and programmed with
delay times that are temporally separated by a fraction
of a millisecond, thereby to achieve improved interfer-
ence of shockwaves emanating from the boreholes, re-
sulting in improved rock fragmentation within a specific,
limited region of the rock for the pre-split blast.

EXAMPLE 10 - Seismic applications

[0088] As previously discussed, specific embodiments
of the present invention are suitable for use in seismic
analysis. Traditionally, such analysis involves the actu-
ation of explosive charges located several, perhaps hun-
dred of meters apart connected via lengthy physical con-
nections such as wires or detonating cord. Preferred em-
bodiments of the present invention employ blasting ap-
paratuses, detonators, and corresponding methods that
involve wireless communication between the detonators
/ explosive charges for seismic prospecting, and an as-
sociated blasting machine. In one aspect, this avoids the
demise and wastage of physical wires or detonating cord
traditionally used during a seismic blasting event. More-
over, seismic analysis techniques typically involve the
use of explosive charges. Indeed, the explosive charges
for seismic prospecting may have such a low capacity
that damage to any top-box or similar device located
above or near a surface of the ground may be at least
substantially avoided, which further highlights the use-
fulness of wireless devices for seismic blasting.

EXAMPLE 11 - Oil and Gas Prospecting

[0089] Seismic prospecting for deposits of oil and gas
is yet another field of the art that benefits from the present
invention. As discussed, such prospecting may involve
the actuation of explosive charges, followed by "listening"
for vibrations and signals resulting from detonator actu-
ation, but reflected or refracted by subterranean layers,
structures, and deposits.
[0090] Traditionally, such seismic prospecting has in-
volved the use of regular electric detonators connected
via leg-wires. Such electric detonators do not include
their own capacitor, but rather rely upon their attached
signal lines for a firing current. Typically, a signal is sent

to fire such detonators simultaneously. However, in re-
ality only near simultaneous detonator actuation is
achieved. The detonators may be located a significant
distance apart, and varying resistances in the connecting
wires and detonator fuseheads can result in some vari-
ability in the timing of actuation of the detonators relative
to one another.
[0091] The blasting apparatuses and corresponding
methods of the present invention afford new opportuni-
ties for seismic prospecting, for example for oil and gas
deposits. According to the present invention, detonators
may be programmed with such a high degree of accuracy
as to substantially ensure that detonators are actuated
virtually simultaneously, and the margin for error (for ex-
ample by unintentional variation in the timing of detonator
actuation) is significantly reduced. Importantly, a more
complex set of seismic data may be obtained and corre-
lated, for example by repeating a seismic analysis with
slight but intentional variances in the timing of detonator
actuation, or indeed the order of detonator actuation, with
an unprecedented degree of accuracy with regard to det-
onator delay times.

EXAMPLE 12 - Improved efficiency of rock fragmen-
tation

[0092] Blasting techniques often involve the use of
rows of boreholes in rock, into which are placed detona-
tors together with their associated explosive charges. It
is known in the art that the efficiency and extent of rock
fragmentation may vary according to the delay between
adjacent holes in a row. For example, if the delay time
between detonators in adjacent holes is 30ms, and the
distance between the holes is 10m, then the specific de-
lay between the holes in a row is calculated as 3ms/m.
[0093] Figure 3 schematically illustrates a typical rela-
tionship between fragmented rock size (y-axis) and spe-
cific delay (x-axis). The nature of the relationship can
depend upon the blast site conditions, and the rock to be
blasted. However, from Figure 3 it can be seen that an
optimum specific delay can exist at which maximum rock
fragmentation (i.e. minimum rock size) is achieved. The
blasting apparatus and methods of the present invention
enable improved optimization of rock fragmentation,
since they permit detonator delay times to be pro-
grammed with a sub-millisecond degree of accuracy. In
the example above, suppose the specific delay between
rows of holes is 3ms/m, but the preferred optimum delay
for maximum fragmentation of rock is calculated as
3.16ms/m. In accordance with the present invention, the
specific delay between the rows can be adjusted to the
optimum level by altering the delay times programmed
into the detonators of the adjacent rows, from 30ms to
31.6ms. This level of optimization at the blast site is now
achievable by virtue of the advantages of the present
invention, and in particular the capacity for the detonators
to be programmed with delay times having a sub-milli-
second degree of accuracy.
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Claims

1. A blasting apparatus for executing a blast plan for at
least two detonators each programmable with a de-
lay time, the blasting apparatus comprising at least
one blasting machine for transmitting, optionally
wirelessly, at least one command signal to at least
two associated detonators, at least including a FIRE
signal, the blasting apparatus being characterised
in that it further comprises at least two detonators,
each programmable with a delay time selectable to
an accuracy of about 0.1ms or better and each com-
prising:

i) a base charge;
ii) a firing circuit selectively connectable to the
base charge;
iii) energy storage means for storing energy for
initiation of the base charge via the firing circuit;
iv) an oscillator having a fixed and stable or cal-
ibratable frequency of at least about 10 kHz;
v) memory means for storing a delay time cor-
responding to a number of counts of said oscil-
lator;
vi) a receiver for receiving said at least one com-
mand signal from said blasting machine;

whereby upon receipt by said receiver of said FIRE
signal, said oscillator commences a count down of
said number of counts, and upon completion of said
countdown said energy storage means discharges
said energy stored therein into said firing circuit to
initiate said base charge.

2. The blasting apparatus of claim 1, wherein said os-
cillator of each detonator has a frequency of at least
20 kHz, preferably of at least 40 kHz.

3. The blasting apparatus of claim 1, wherein each det-
onator is individually programmable with a delay time
after placement at the blast site.

4. The blasting apparatus of claim 3, wherein each det-
onator includes conversion means to convert each
delay time to said number of counts.

5. The blasting apparatus of claim 4, wherein a delay
time for each detonator is transmitted via wired or
wireless connection to each detonator by said at
least one blasting machine; and wherein, optionally,
the blasting machine calculates, for each detonator,
according to a frequency of each oscillator associ-
ated with each detonator, a number of oscillator
counts required to execute a desired delay time for
each detonator, and transmits each number of os-
cillator counts to each detonator.

6. The blasting apparatus of claim 4, wherein the ap-

paratus further includes a portable logging device
suitable for communication via wired or short range
wireless communication with each detonator posi-
tioned at the blast site, to program each detonator
with its corresponding delay time; and wherein, op-
tionally, the portable logging device calculates, for
each detonator, according to a frequency of each
oscillator associated with each detonator, a number
of oscillator counts required to execute a desired de-
lay time for each detonator, and transmits each
number of oscillator counts to each detonator.

7. The blasting apparatus of claim 1, wherein at least
said command signal to FIRE is transmitted to said
at least two detonators simultaneously, and received
by said at least two detonators at least virtually si-
multaneously, so that each countdown of each
number of counts commences at least virtually si-
multaneously.

8. A seismic assessment apparatus for seismic as-
sessment of subterranean geology or structure,
characterised in that the apparatus comprises the
blasting apparatus of claim 1 so that initiation of each
of the at least two detonators causes shockwaves
through or incident to said subterranean geology or
structure, as well as shockwaves reflected or refract-
ed by said subterranean geology or structure, said
shockwaves optionally interfering with one another,
and wherein the apparatus further includes at least
one shockwave receiver for receiving said shock-
waves transmitted through or incident to said sub-
terranean geology or structure, or shockwaves re-
flected or refracted by said subterranean geology or
structure, thereby to permit collation of data indica-
tive of said subterranean geology or structure.

9. The apparatus of claim 8, wherein said at least two
detonators comprise at least a first set of at least one
detonator, and a second set of at least one detonator,
so that said detonators within any set initiate at dif-
ferent times spaced temporally close together so that
resultant shockwaves from initiation of detonators
within a set interfere with one another prior to dissi-
pation, and detonators in different sets initiate at
times sufficiently temporally spaced such that result-
ant shockwaves from detonators in different sets
substantially dissipate without interference.

10. The apparatus of claim 9, wherein the first set com-
prises two detonators that initiate at different times
spaced X ms apart being sufficiently close so that
resultant shockwaves interfere with one another,
and the second set comprises two detonators that
initiate at different times spaced Y ms apart being
sufficiently close so that resultant shockwaves inter-
fere with one another, wherein X and Y are different.
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11. A method of blasting, characterised in that the
method comprises the steps of:

(1) providing a blasting apparatus of claim 1;
(2) placing the at least two detonators at the blast
site;
(3) programming the at least two detonators with
delay times to an accuracy of about 0.1 ms or
better, said delay times being stored in each
memory means as a number of counts for each
corresponding oscillator; and
(4) transmitting a command signal, preferably a
wireless command signal, to FIRE from each of
said at least one blasting machine to said at least
two detonators, thereby causing each oscillator
to count down its respective number of counts
upon completion of which an associated base
charge is initiated;

wherein steps (2) and (3) may be performed in any
order or simultaneously.

12. The method of claim 11 for fragmenting rock drilled
with boreholes, wherein the step of placing the at
least two detonators at the blast site comprises in-
serting into each borehole an explosive material and
an associated electronic detonator such that initia-
tion of the base charge in each detonator causes
detonation of the explosive material, and the delay
times of the at least two detonators are programmed
in such a manner that shockwaves resulting from
detonation of the explosive materials interfere to
cause efficient fragmentation of rock located be-
tween or near the boreholes.

13. A method for seismic analysis of subterranean ge-
ology or structure, characterised in that the method
comprises the method of claim 11 performed so that
initiation of each of the at least two detonators causes
shockwaves through or incident to said subterrane-
an geology or structure, as well as shockwaves re-
flected or refracted by said subterranean geology or
structure, said shockwaves optionally interfering
with one another, and wherein the method further
comprises the step of:

(5) collecting data via at least one shockwave
receiver, corresponding to said shockwaves
transmitted through or incident to said subterra-
nean geology or structure, and/or shockwaves
reflected or refracted by said subterranean ge-
ology or structure indicative of said subterrane-
an geology or structure.

14. The method of claim 13, further comprising repeating
steps 2 to 5, not necessarily sequentially, using dif-
ferent sets of at least two detonators, each set being
programmed with a unique set of delay times, there-

by to collect more than one data set corresponding
to said subterranean geology or structure each in-
dicative of each unique set of delay times.

Patentansprüche

1. Sprengvorrichtung zum Ausführen eines Spreng-
plans für mindestens zwei Zünder der jeweils mit ei-
ner Verzögerungszeit programmierbar ist, die
Sprengvorrichtung umfassend mindestens eine
Sprengmaschine zum Übertragen, optional draht-
los, von mindestens einem Steuersignal an mindes-
tens zwei assoziierte Zünder, mindestens enthal-
tend ein ZÜND-Signal (FIRE-Signal), wobei die
Sprengvorrichtung dadurch gekennzeichnet ist,
dass sie ferner mindestens zwei Zünder umfasst,
die jeweils mit einer Verzögerungszeit programmier-
bar sind, die mit einer Genauigkeit von 0,1 ms oder
besser auswählbar ist, und die jeweils umfassen:

i) eine Basisladung;
ii) einen Zündschaltkreis, der selektiv mit der Ba-
sisladung verbunden werden kann;
iii) Energiespeichermittel zum Speichern von
Energie zum Zünden der Basisladung über den
Zündschaltkreis;
iv) einen Oszillator mit einer festen und stabilen
oder kalibrierungsfähigen Frequenz von min-
destens ca. 10 kHz;
v) Speichermittel zum Speichern einer Verzö-
gerungszeit entsprechend einer Anzahl von
Zählungen des Oszillators;
vi) einen Empfänger zum Empfangen des min-
destens einen Steuersignals von der Spreng-
maschine;

wodurch bei Empfang des ZÜND-Signals (FIRE-Si-
gnal) durch den Empfänger der Oszillator einen
Count-down der Anzahl von Zählungen beginnt, und
bei Vervollständigung des Count-downs das Ener-
giespeichermittel die darin gespeicherte Energie in
den Zündschaltkreis entlädt, um die Basisladung zu
zünden.

2. Sprengvorrichtung nach Anspruch 1, wobei der Os-
zillator von jedem Zünder eine Frequenz von min-
destens 20 kHz, vorzugsweise von mindestens 40
kHz hat.

3. Sprengvorrichtung nach Anspruch 1, wobei jeder
Zünder nach Anbringen an der Sprengungsstelle in-
dividuell mit einer Verzögerungszeit programmier-
bar ist.

4. Sprengvorrichtung nach Anspruch 3, wobei jeder
Zünder Umwandlungsmittel enthält, um jede Verzö-
gerungszeit in die Anzahl von Zählungen zu verwan-
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deln.

5. Sprengvorrichtung nach Anspruch 4, wobei eine
Verzögerungszeit für jeden Zünder über eine ver-
drahtete oder drahtlose Verbindung mit jedem Zün-
der durch die mindestens eine Sprengmaschine
übertragen wird; und wobei optional die Sprengma-
schine für jeden Zünder gemäß einer Frequenz von
jedem Oszillator assoziiert mit jedem Zünder eine
Anzahl von Oszillatorzählungen berechnet, die zum
Ausführen einer gewünschten Verzögerungszeit für
jeden Zünder erforderlich sind, und jede Anzahl von
Oszillatorzählungen an jeden Zünder überträgt.

6. Sprengvorrichtung nach Anspruch 4, wobei die Vor-
richtung ferner eine tragbare Erfassungsvorrichtung
enthält, die für eine Kommunikation über eine ver-
drahtete oder drahtlose Nahbereichskommunikation
mit jedem Zünder positioniert an dem Sprengungsort
geeignet ist, um jeden Zünder mit seiner entspre-
chenden Verzögerungszeit zu programmieren; und
wobei optional die tragbare Erfassungsvorrichtung
für jeden Zünder gemäß einer Frequenz von jedem
Oszillator assoziiert mit jedem Zünder eine Anzahl
von Oszillatorzählungen berechnet, die zum Ausfüh-
ren einer gewünschten Verzögerungszeit für jeden
Zünder erforderlich sind, und jede Anzahl von Oszil-
latorzählungen an jeden Zünder überträgt.

7. Sprengvorrichtung nach Anspruch 1, wobei mindes-
tens das Steuersignal zum ZÜNDEN an die mindes-
tens zwei Zünder gleichzeitig übertragen wird, und
von den mindestens zwei Zündern mindestens vir-
tuell gleichzeitig empfangen wird, sodass jeder
Count-down von jeder Anzahl von Zählungen min-
destens virtuell gleichzeitig beginnt.

8. Seismische Beurteilungsvorrichtung für eine seismi-
sche Beurteilung einer unterirdischen Geologie oder
Struktur, dadurch gekennzeichnet ist, dass die
Vorrichtung die die Sprengvorrichtung von Anspruch
1 umfasst, sodass eine Zündung von jedem der min-
destens zwei Zünder Stoßwellen durch oder einwir-
kend auf die unterirdische Geologie oder Struktur
verursacht, sowie Stoßwellen, die von der unterirdi-
schen Geologie oder Struktur reflektiert oder gebro-
chen werden, wobei sich die Stoßwellen optional ge-
genseitig überlagern, und wobei die Vorrichtung fer-
ner mindestens einen Stoßwellenempfänger zum
empfangen der übertragenen Stoßwellen durch oder
einwirkend auf die unterirdische Geologie oder
Struktur, oder Stoßwellen, die von der unterirdischen
Geologie oder Struktur reflektiert oder gebrochen
werden, wodurch ein Abgleich von Daten ermöglicht
wird, die Hinweis auf die unterirdische Geologie oder
Struktur sind.

9. Vorrichtung nach Anspruch 8, wobei die mindestens

zwei Zünder mindestens ein erstes Set von mindes-
tens einem Zünder und ein zweites Set von mindes-
tens einem Zünder umfassen, sodass der Zünder in
jedem Set an verschiedenen Zeiten, die zeitlich eng
voneinander beabstandet sind, zündet, sodass re-
sultierende Stoßwellen von der Zündung von Zün-
dern in einem Set vor einer Auflösung einander über-
lagern, und Zünder in verschiedenen Sets an aus-
reichend zeitlich beabstandeten Zeiten zünden, so
dass resultierende Stoßwellen von Zündern in ver-
schiedenen Sets sich im Wesentlichen auflösen, oh-
ne einander zu überlagern.

10. Vorrichtung nach Anspruch 9, wobei das erste Set
zwei Zünder umfasst, die an verschiedenen Zeiten
beabstandet um X ms und ausreichend nahe zün-
den, sodass resultierende Stoßwellen sich überla-
gern, und das zweite Set zwei Zünder umfasst, die
an verschiedenen Zeiten beabstandet um Y ms und
ausreichend nahe zünden, sodass resultierende
Stoßwellen sich überlagern, wobei X und Y verschie-
den sind.

11. Sprengverfahren, dadurch gekennzeichnet, dass
das Verfahren die folgenden Schritte umfasst:

(1) Bereitstellen einer Sprengvorrichtung nach
Anspruch 1;
(2) Anbringen der mindestens zwei Zünder an
dem Sprengungsort;
(3) Programmieren der mindestens zwei Zünder
mit Verzögerungszeiten mit einer Genauigkeit
von ca. 0,1 ms oder besser, wobei die Verzöge-
rungszeiten in jedem Speichermittel als eine An-
zahl von Zählungen für jeden entsprechenden
Oszillator gespeichert werden; und
(4) Übertragen eines Steuersignals, vorzugs-
weise eines drahtlosen Steuersignals, zum
ZÜNDEN von jeder der mindestens einen
Sprengmaschine zu den mindestens zwei Zün-
dern, wodurch verursacht wird, dass jeder Os-
zillator seine jeweilige Anzahl von Zählungen
herunterzählt, an dessen Ende eine assoziierte
Basisladung gezündet wird;

wobei die Schritte (2) und (3) in einer beliebigen Rei-
henfolge oder gleichzeitig ausgeführt werden kön-
nen.

12. Verfahren nach Anspruch 11 zum Fragmentieren
von Gestein, das mit Bohrlöchern gebohrt wird, wo-
bei der Schritt des Anbringens der mindestens zwei
Zünder am Sprengungsort ein Einsetzen eines ex-
plosiven Materials und eines assoziierten elektroni-
schen Zünders in jedes Bohrloch umfasst, sodass
eine Zündung der Basisladung in jedem Zünder eine
Detonation des explosiven Materials verursacht, und
die Verzögerungszeiten der mindestens zwei Zün-
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der auf eine Weise programmiert sind, dass
Stoßwellen, die aus der Detonation der explosiven
Materialien resultieren, interferieren, um eine effizi-
ente Fragmentierung von befindlichem Gestein zwi-
schen oder nahe den Bohrlöchern zu verursachen.

13. Verfahren für seismische Analyse einer unterirdi-
schen Geologie oder Struktur, dadurch gekenn-
zeichnet ist, dass das Verfahren das Verfahren von
Anspruch 11 umfasst, das so ausgeführt wird, dass
eine Zündung von jedem der mindestens zwei Zün-
der Stoßwellen durch oder einwirkend auf die unter-
irdische Geologie oder Struktur verursacht, sowie
Stoßwellen, die von der unterirdischen Geologie
oder Struktur reflektiert oder gebrochen werden, wo-
bei sich die Stoßwellen optional gegenseitig überla-
gern, und wobei das Verfahren den folgenden Schritt
umfasst:

(5) Sammeln von Daten über mindestens einen
Stoßwellenempfänger entsprechend den
Stoßwellen, die durch oder einwirkend auf die
unterirdische Geologie oder Struktur übertragen
werden, und/oder Stoßwellen, die die von der
unterirdischen Geologie oder Struktur reflektiert
oder gebrochen werden, und ein Hinweis auf die
unterirdische Geologie oder Struktur sind.

14. Verfahren nach Anspruch 13, ferner umfassend ein
Wiederholen der Schritte 2 bis 5, nicht unbedingt se-
quenziell, unter Verwendung verschiedener Sets
von mindestens zwei Zündern, wobei jedes Set mit
einem einmaligen Set von Verzögerungszeiten pro-
grammiert ist, um dadurch mehr als einen Datensatz
entsprechend der unterirdischen Geologie oder
Struktur zu sammeln, der jeweils ein Hinweis auf je-
des einmalige Set von Verzögerungszeiten ist.

Revendications

1. Appareil de détonation pour exécuter un plan de dé-
tonation pour au moins deux détonateurs, chacun
programmable avec un temps de retardement, l’ap-
pareil de détonation comprenant au moins une ma-
chine de détonation pour transmettre, optionnelle-
ment sans fil, au moins un signal de commande, à
au moins deux détonateurs associés, incluant au
moins un signal de tir, l’appareil de détonation étant
caractérisé en ce qu’il comprend en outre au moins
deux détonateurs, chacun programmable avec un
temps de retardement sélectionnable à une préci-
sion d’environ 0,1 ms ou mieux et chacun
comprenant :

i) une charge de base ;
ii) un circuit de tir sélectivement connectable à
la charge de base ;

iii) un moyen de stockage d’énergie pour stocker
de l’énergie pour l’amorçage de la charge de
base par l’intermédiaire du circuit de tir ;
iv) un oscillateur possédant une fréquence fixe
et stable ou pouvant être calibrée d’au moins
environ 10 kHz ;
v) un moyen de mémoire pour stocker un temps
de retardement correspondant à un nombre de
comptes dudit oscillateur ;
vi) un récepteur pour recevoir ledit au moins un
signal de commande à partir de ladite machine
de détonation ;

moyennant quoi, lors de la réception, par ledit récep-
teur, dudit signal de tir, ledit oscillateur commence
un compte régressif dudit nombre de comptes, et,
lors de l’achèvement dudit compte régressif, ledit
moyen de stockage d’énergie décharge ladite éner-
gie, stockée dans celui-ci, dans ledit circuit de tir pour
amorcer ladite charge de base.

2. Appareil de détonation selon la revendication 1, dans
lequel ledit oscillateur de chaque détonateur possè-
de une fréquence d’au moins 20 kHz, de préférence
d’au moins 40 kHz.

3. Appareil de détonation selon la revendication 1, dans
lequel chaque détonateur est individuellement pro-
grammable avec un temps de retardement après le
placement au site de détonation.

4. Appareil de détonation selon la revendication 1, dans
lequel chaque détonateur inclut un moyen de con-
version pour convertir chaque temps de retardement
en dit nombre de comptes.

5. Appareil de détonation selon la revendication 4, dans
lequel un temps de retardement pour chaque déto-
nateur est transmis, par l’intermédiaire de connexion
câblée ou sans fil, à chaque détonateur, par ladite
au moins une machine de détonation ; et dans le-
quel, optionnellement, la machine de détonation cal-
cule, pour chaque détonateur, selon une fréquence
de chaque oscillateur associé à chaque détonateur,
un nombre de comptes d’oscillateur requis pour exé-
cuter un temps de retardement souhaité pour cha-
que détonateur, et transmet chaque nombre de
comptes d’oscillateur à chaque détonateur.

6. Appareil de détonation selon la revendication 4, dans
lequel l’appareil inclut en outre un dispositif portatif
d’enregistrement chronologique automatique appro-
prié pour la communication, par l’intermédiaire de
communication câblée ou sans fil à courte portée,
avec chaque détonateur positionné au site de déto-
nation, pour programmer chaque détonateur avec
son temps de retardement correspondant ; et dans
lequel, optionnellement, le dispositif portatif d’enre-
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gistrement chronologique automatique calcule, pour
chaque détonateur, selon une fréquence de chaque
oscillateur associé à chaque détonateur, un nombre
de comptes d’oscillateur requis pour exécuter un
temps de retardement souhaité pour chaque déto-
nateur, et transmet chaque nombre de comptes d’os-
cillateur à chaque détonateur.

7. Appareil de détonation selon la revendication 1, dans
lequel au moins ledit signal de commande pour tirer
est transmis auxdits au moins deux détonateurs si-
multanément, et reçu par lesdits au moins deux dé-
tonateurs de façon au moins virtuellement simulta-
née, pour que chaque compte régressif de chaque
nombre de comptes commence de façon au moins
virtuellement simultanée.

8. Appareil d’évaluation séismique pour évaluation
séismique de géologie ou de structure souterraine,
caractérisé en ce que l’appareil comprend l’appa-
reil de détonation de la revendication 1 pour que
l’amorçage de chacun des au moins deux détona-
teurs entraîne des ondes de choc à travers, ou inci-
dentes à, ladite géologie ou structure souterraine,
ainsi que des ondes de choc réfléchies ou réfractées
par ladite géologie ou structure souterraine, lesdites
ondes de choc interférant optionnellement les unes
avec les autres, et dans lequel l’appareil inclut en
outre au moins un récepteur d’ondes de choc pour
recevoir lesdites ondes de choc transmises à tra-
vers, ou incidentes sur, ladite géologie ou structure
souterraine, ou des ondes de choc réfléchies ou ré-
fractées par ladite géologie ou structure souterraine,
pour ainsi permettre la collecte de données indica-
tives de ladite géologie ou structure souterraine.

9. Appareil selon la revendication 8, dans lequel lesdits
au moins deux détonateurs comprennent au moins
un premier ensemble d’au moins un détonateur, et
un second ensemble d’au moins un détonateur, pour
que lesdits détonateurs à l’intérieur d’un ensemble
quelconque s’amorcent à des instants différents es-
pacés de façon temporellement proche les uns des
autres, pour que des ondes de choc résultantes en-
traînées par l’amorçage des détonateurs à l’intérieur
d’un ensemble interfèrent les unes avec les autres
avant la dissipation, et des détonateurs dans des
ensembles différents s’amorcent à des instants es-
pacés temporellement de façon suffisante de telle
sorte que des ondes de choc résultantes de détona-
teurs dans des ensembles différents se dissipent
sensiblement sans interférence.

10. Appareil selon la revendication 9, dans lequel le pre-
mier ensemble comprend deux détonateurs qui
s’amorcent à des instants différents espacés de X
ms l’un de l’autre, suffisamment proches pour que
des ondes de choc résultantes interfèrent les unes

avec les autres, et le second ensemble comprend
deux détonateurs qui s’amorcent à des instants dif-
férents espacés de Y ms l’un de l’autre, suffisam-
ment proches pour que des ondes de choc résultan-
tes interfèrent les unes avec les autres, X et Y étant
différents.

11. Procédé de détonation, caractérisé en ce que le
procédé comprend les étapes de :

(1) la fourniture d’un appareil de détonation de
la revendication 1 ;
(2) le placement des au moins deux détonateurs
au site de détonation ;
(3) la programmation des au moins deux déto-
nateurs avec des temps de retardement à une
précision d’environ 0,1 ms ou mieux, lesdits
temps de retardement étant stockés dans cha-
que moyen de mémoire sous forme de nombre
de comptes pour chaque oscillateur
correspondant ; et
(4) la transmission d’un signal de commande,
de préférence d’un signal de commande sans
fil, pour tirer, à partir de chacune de ladite au
moins une machine de détonation, auxdits au
moins deux détonateurs, ainsi faisant en sorte
que chaque oscillateur réalise un comptage ré-
gressif de son nombre respectif de comptes, à
l’achèvement duquel une charge de base asso-
ciée est amorcée ;

dans lequel les étapes (2) et (3) peuvent être réali-
sées dans un ordre quelconque ou simultanément.

12. Procédé selon la revendication 11 pour fragmenter
une roche forée avec des forages, dans lequel l’éta-
pe du placement des au moins deux détonateurs au
site de détonation comprend l’insertion, dans cha-
que forage, d’un matériau explosif et d’un détonateur
électronique associé de telle sorte que l’amorçage
de la charge de base dans chaque détonateur en-
traîne la détonation du matériau explosif, et les
temps de retardement des au moins deux détona-
teurs sont programmés de manière telle que des on-
des de choc résultant de la détonation des matériaux
explosifs interfèrent pour entraîner une fragmenta-
tion efficace de roche située entre ou près des fora-
ges.

13. Procédé pour analyse séismique de géologie ou
structure souterraine, caractérisé en ce que le pro-
cédé comprend le procédé de la revendication 11
réalisé pour que l’amorçage de chacun des au moins
deux détonateurs entraîne des ondes de choc à tra-
vers, ou incidentes à, ladite géologie ou structure
souterraine, ainsi que des ondes de choc réfléchies
ou réfractées par ladite géologie ou structure sou-
terraine, lesdites ondes de choc interférant option-
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nellement les unes avec les autres, et dans lequel
le procédé comprend en outre l’étape de :

(5) la collecte de données, par l’intermédiaire
d’au moins un récepteur d’ondes de choc, cor-
respondant auxdites ondes de choc transmises
à travers, ou incidentes à, ladite géologie ou
structure souterraine, et/ou ondes de choc ré-
fléchies ou réfractées par ladite géologie ou
structure souterraine, indicatives de ladite géo-
logie ou structure souterraine.

14. Procédé selon la revendication 13, comprenant en
outre la répétition des étapes 2 à 5, de façon non
nécessairement séquentielle, en utilisant des en-
sembles différents d’au moins deux détonateurs,
chaque ensemble étant programmé avec un ensem-
ble unique de temps de retardement, pour ainsi col-
lecter plus d’un jeu de données correspondant à la-
dite géologie ou structure souterraine, chacun indi-
catif de chaque ensemble unique de temps de retar-
dement.
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