1 27 August 2004 Cartridge Shell and Cartridge for Blast Holes and Method of Use Field of the Invention
The present invention relates to a cartridge shell and a corresponding cartridge for 5 blast holes for the
purpose of fracturing hard materials. The invention further relates to a method of use of such a cartridge
and in particular a method of charging blast holes with the cartridge. Background of the Invention 10 A
typical cartridge shell for a blast hole is in the form of atylindrical tube closet¥ s ulgotst @064. Some
cartridges may contain only an energetic substance while others may contain both an energetic
substance and an initiator. The cartridge will inserted tq reside near the toe of a blast hole drilled or
otherwise formed in a rock o a&fﬁ'&???ﬁ?&'%&i%%‘it{édﬂ%%E%J&ig'.dﬁﬁéﬂ%{)@e@SQO?ﬁkebe stemmed with a
particulate 15 stemming material. When the energetic material in the cartridge is initiated there is a rapid
generation of gas andlgmbs 2R biild up of gas pressure near the toe of the hole. Provided that the
gas generated is contmeriod of time the resulting gas pressure may cause fractures to
be propagated from thENRGHEsJD¥tIgTErelalRs i araralidge shpk awiciepicssapid v satiider sy of this

process is largely fleteyininpb oA tee br factenpiRvisitneAnd, aralinehmearheakigsned on the
side of the cartridge nearest the collar of the blast hole and the ability to hold the seal in position. Clearly

if the seal is poor, gadd@MeLod R U ahetthe Sadfieiqe Ay R RaliisHE Gused of FhAEiIngast 25 the rate
of gas pressure increasgeshittnge, dieiegecaping gas has adverse effects in terms of ejecting stemming
from the blast hole, generation of recoil and producing flyrock. However, even if the seal is one of high

integrity, if the seal is not held
Background of the Invention

10  Atypical cartridge shell for a blast hole is in the form of a cylindrical tube closed at
both ends. Some cartridges may contain only an energetic substance while others
may contain both an energetic substance and an initiator. The cartridge will be
inserted to reside near the toe of a blast hole drilled or otherwise formed in a rock or
other hard material to be fractured. The hole may then be stemmed with a particulate

15  stemming material. When the energetic material in the cartridge is initiated there is
a rapid generation of gas and thus a rapid build up of gas pressure near the toe of the
hole. Provided that the gas generated is contained for a short period of time the
resulting gas pressure may cause fractures to be propagated from the hole through
the hard material.

20
The efficiency and effectiveness of this process is largely determined by factors such
as the provision and quality of a gas seal formed on the side of the cartridge nearest
the collar of the blast hole and the ability to hold the seal in position. Clearly if the
seal is poor, gas will escape around the seal thereby reducing gas pressure as well as

25  the rate of gas pressure increase. Further, the escaping gas has adverse effects in
terms of ejecting stemming from the blast hole, generation of recoil and producing
flyrock. However, even if the seal is one of high integrity, if the seal is not held
firmly in place and is able to be pushed back toward the collar of the hole then the
physical volume of the confined space within the hole in which the gas acts

30 increases, thereby decreasing the gas pressure.



firmly in place and is able to be pushed back toward the collar of the hole then the physical volume of the
confined space within the hole in which the gas acts 30 increases, thereby decreasing the gas pressure.
2 27 August 2004 Summary of the Invention It is an object of the present invention to provide a cartridge
shell and associated cartridge that in use may assist in alleviating the above noted deficiencies. It is a
further object of the present invention to provide a method of charging a blag7hdley tshab0duch a
cartridge. According to a first aspect of the present invention there is provided a cartridge shell for use in

fracturing hard materi@smsaid sp%ll inclu ing at least: a main body defining a volume for holding an
energetic material, th%&?ﬁ%ﬂhﬁﬁrﬁw NFY%hd 10 second opposite ends, the first end being generally
planar and the secondtendrbejest tefpibeephdgefio inventmino eraveld geclikadyre shekk aoliresseihgday from the
first end. Preferably the maj yinglud JinePLirQRs; Cl ﬁ?ecg ApLI;tke firat end. 15
ﬁg}%@#ujué %fs%r 5}3 S?e‘?)?h‘?u{@eiﬁg KBGSRa ?g% efidiEae HR

Preferably the cartridge shell i esac (Ia evice at irst end said closure device being provided
with, or in conjunction fitterieBieabAk e dyeersimentier: Hrso\dee ameebpi ebiimeaisd 20 kseksiably the main
body is provided with gjxpRRRAIREALRE. first end and the closure device comprises a cap for closing said
opening. In one embodiment, the cartridge shell further includes an aperture at the first end through
which an initiator lead passes. Preferably the aperture is formed in the 25 closure device.

Advantageously, the cactietfiegsbalfiicigotes o tteqasseprasagiowd e isnooidiera cartridge shell
for use in fracturing hard materials, said shell including at least: a main body
defining a volume for holding an energetic material, the body having a first and

10  second opposite ends, the first end being generally planar and the second end being

tapered to form a point or wedge-like member directed away from the first end.

Preferably the main body includes a line or zone of weakness adjacent to the first
end.

15
Preferably the cartridge shell includes a closure device at the first end said closure
device being provided with, or in conjunction with the main body defining, the line

or zone of weakness.

20  Preferably the main body is provided with an opening at the first end and the closure

device comprises a cap for closing said opening.

In one embodiment, the cartridge shell further includes an aperture at the first end
through which an initiator lead passes. Preferably the aperture is formed in the

25  closure device.

Advantageously, the cartridge shell includes a recess passageway on an outer

surface about the first end to seat the initiator lead.

30 In an alternate embodiment the cartridge shell includes an aperture in or near the

second end through which an initiator lead passes. In this embodiment the cartridge



surface about the first end to seat the initiator lead. 30 In an alternate embodiment the cartridge shell
includes an aperture in or near the second end through which an initiator lead passes. In this
embodiment the cartridge 3 27 August 2004 shell may include an internal recess or passageway through
which the initiator lead extends. Preferably the second end is provided with two or more inclined surfaces
that 5 converge toward each other in the direction fronsthe first end to the s&téugestd2®Ewvever, in an
alternate embodiment, the second end is in the form of a conical frustum. 10 According to a second

aspect of the present invention.there is provide a shell for a cartridge for yse in breakjng and/or fracturing
R R R o e Bt e e B4 a ole and

of hard material by the InSerton
subsequent initiation eftéhdscartridge, the shell including at least a main body defining a volume for
holding an energetic material, the body having first and second opposite ends, 15 the second end
including a surface for exerting a radial compressive force on the stemming material in use. 20 According
to a further aspect of thefRidkiition faeqadieRtoyiReydesawilgwoprusw inclisadrisigfacefattematerial, the

'cartrid.ge comprising ?édﬁ%'e%%ﬂfi&@ﬁ &h&lﬁﬂﬂr@%@ﬂﬁ;@ﬁ%wmﬁﬁﬂﬁﬁ&@%%@@cﬂﬂ aspect of the present
invention and a quantity of an energetic material held within the main body of the cartridge shell.

Preferably the cartridge further comprises an initiator disposed within the main 25 body. Preferably the
cartridge further includeshanemiiiosordieashcoaneaizobad aresertridaititids in the form of a conical

frustum.

10  According to a second aspect of the present invention there is provide a shell for a
cartridge for use in breaking and/or fracturing of hard material by the insertion of the
cartridge followed by particulate stemming material in a hole and subsequent
initiation of the cartridge, the shell including at least a main body defining a volume
for holding an energetic material, the body having first and second opposite ends,

15 the second end including a surface for exerting a radial compressive force on the

stemming material in use.

According to a further aspect of the invention there is provided a cartridge for use in
fracturing a hard material, the cartridge comprising at least:

20 a cartridge shell in accordance with the first or second aspect of the
present invention and a quantity of an energetic material held within the main body

of the cartridge shell.

Preferably the cartridge further comprises an initiator disposed within the main

25  body.

Preferably the cartridge further includes an initiator lead connected at one end to the

initiator and passing through an aperture in the cartridge shell.

30  Preferably the energetic material is a propellant.

Preferably the initiator is a non-explosive initiator.



initiator and passing through an aperture in the cartridge shell. 30 Preferably the energetic material is a
propellant. Preferably the initiator is a non-explosive initiator. 4 27 August 2004 Preferably said cartridge
includes a booster for the initiator. In an alternate embodiment, said cartridge further includes one or more
booster 5 cartridges each containing a quantity of energetic material, said one or more booster cartridges
connectable in an end to end fashion with said first enddof said main body adAvidusa@@ther whereby
the total quantity of energetic material contained by the cartridge is varied by connecting one or more
booster cartridges to said main body. 10 Preferably said main body and each of said booster cartridges
each contain no more than 10 gm of energetic material. Preferably each booster cartridge has a first
engaging means at a firstecaillyanid earseigenttlcdesplhoestaatyr ehregaigiaigr.means at a second opposite end
whereby the first 15 engaging means of a booster cartridge is engageable with a second engaging means

of an adjacent booster cartridge. Preferably said first engaging means is received inside said second
engaging means so thatarpiritaesereRdnemh Shif 0t isioe JHABRder biges e calrtfaekorsisF 20

substantially Con%am&kﬁ%g@éaé&t‘ﬁt%nﬁﬁﬁfﬁ@ﬁbérﬁﬁ&BM@@&YC%E@M%&WW%‘F st BstapHally
cylindrical body of a first outer diameter; an axial extension at said first end forming said first engaging

means of a second reGHESIS AT EHANE ALY 1 Fag&abigh vAih LB A @FSHIING >BOYid second

engaging means, of aanihnéh dimeiter lassetiand iradgientiiesneieietichetakipd@xdmaaibytte enable said
first engaging means to it rside st ee0nd RIS e RSB SIFHaRY S pggeing means and
said second engaging mears are relatively

10  Preferably said main body and each of said booster cartridges each contain no more

than 10 gm of energetic material.

Preferably each booster cartridge has a first engaging means at a first end and a
second complimentary engaging means at a second opposite end whereby the first
15  engaging means of a booster cartridge is engageable with a second engaging means

of an adjacent booster cartridge.

Preferably said first engaging means is received inside said second engaging means
so that an outer surface of a plurality of connected booster cartridges is of

20  substantially constant outer diameter.

Preferably each booster cartridge includes a substantially cylindrical body of a first
outer diameter; an axial extension at said first end forming said first engaging
means of a second reduced outer diameter; and, a recess at said second end forming
25  said second engaging means, of an inner diameter less than the outer diameter of the
axial extension to enable said first engaging means to fit inside said second engaging

means.

Preferably said first engaging means and said second engaging means are relatively

30 configured relative to each other to provide an interference fit therebetween.



30 configured relative to each other to provide an interference fit therebetween. 5 27 August 2004
Preferably said axial extension includes a plurality of circumferential, axially spaced apart ribs. In an
alternate embodiment said first and second engaging means are threadingly 5 engageable with each
other. Preferably said booster cartridges are closed at opposite ends by respective webs, where said
webs are combustible, or frangible, or both combustiblesand frangible. 10 AQbAdigg $6 20futther aspect of
the present invention there is provided a cartridge shell including at least; a primary shell having a main
body defining a volume for holding an energetic. material, the main body_having first and second opposite
endo,the second end BT APRIGH b PRACEE ks e R R e g, 12 one or
more secondary shellspachssecondary shell having a generally cylindrical body for holding a volume of
energetic material, said one or more secondary shells releasably connected in an end to end manner
with said first end of said primary shell and with each other. 20 According to a further aspect of the
invention there is provitiéd aligeaiformbPeinagise diet sashipsing aNerREIthBIeaNs arhArgadagdyial, the blast
hole having a collgr adiapgBiie fiRe dagakihe hard material and a toe at the opposite end of the hole,
the method including at least the steps of: inserting a cartridge in accordance with the second aspect of
the 25 present invention into the blast hole with the second end of the cartridge facing the collar of the
blast hole; providing appefeiignliateis tesostincarmiied alre @ogpdsangppdsitstemes dfyaresisychiedingsagent, fines
and coarse material,

where said webs are combustible, or frangible, or both combustible and frangible.

10  According to a further aspect of the present invention there is provided a cartridge
shell including at least;

a primary shell having a main body defining a volume for holding an
energetic material, the main body having first and second opposite ends, the second
end being tapered to reduce in transverse area away from said first end; and,

15 one or more secondary shells, each secondary shell having a
generally cylindrical body for holding a volume of energetic material, said one or
more secondary shells releasably connected in an end to end manner with said first

end of said primary shell and with each other.

20  According to a further aspect of the invention there is provided a method of charging
and stemming a blast hole in a hard material, the blast hole having a collar adjacent a
free face of the hard material and a toe at the opposite end of the hole, the method
including at least the steps of:

inserting a cartridge in accordance with the second aspect of the

25  present invention into the blast hole with the second end of the cartridge facing the

collar of the blast hole;

providing a particulate stemming material comprising a mixture of a
dry binding agent, fines and coarse material;

depositing said stemming material into said hole;

30 mechanically holding the stemming in the hole.



depositing said stemming material into said hole; 30 mechanically holding the stemming in the hole. 6 27
August 2004 Preferably said depositing step includes blowing said stemming material into said hole.
Preferably said method further includes the steps of blowing the stemming material 5 into the hole to a
level below the free surface of the hard material; inserting a stemming bar into the blast hole to bear at
one end on the stemming material with an opposite end of the stemming ba7eftenain@&@m the free face
of the hard material; and, mechanical holding said opposite end of the stemming bar. 10 Preferably said

method includes the slge ofgf)rmlraggone.end (t)f the |st mglﬂr}]yq bar .%vi h anPoint otr W drﬂ%()a-likg member
directed away from the' p%%sYtéaén 8P %H@gsﬁg%%ﬁﬁﬁﬁa OB |§5es”éid”r%é?688 uf e?afzomprises the
step of injecting a voluwle.of a liquid 15 or gel into the blast hole after insertion of the cartridge to fill any
space between an outer surface of the cartridge and the hole and provide a liquid or gel layer between
the second end of the cartridge and the particulate stemming material. Preferably when the method is

used in an undergrourrdefaiARheigrgethosaiviter ekidethr stenasf Riswing fhrsem Y arteposite wall, the

step of mechanically halding thstestemmeirg HRIHE tholpdhslivies H?Qrﬁt%r@frﬁé?&’iﬁt,in%éﬂﬁ% £0 that one
end of the jack bears on the wall over the blast hole while an o(fposite end of the jack bears on the

opposite wall. 25 AccoteiiNg'tg SefiPiR e B B aRe I PR DS ST (At MR AR material for
use in charging a blastfpekttéadte mesagnmiatesal cxemdingfionathaikiae eacd ¢f thy hrindimeragent, fines,

and coarse material. F;F%f’errnaeté%r'ﬁllrlc%l%]gfrr]lé;sgi%%%tp Is.one (% ftﬁmee groun r%)tr)'ésr'.sung of fly ash; smelter waste

10  Preferably said method includes the step of forming one end of the stemming bar
with a point or wedge-like member directed away from the opposite end of the

stemming bar.

Preferably said method further comprises the step of injecting a volume of a liquid
15  or gel into the blast hole after insertion of the cartridge to fill any space between an
outer surface of the cartridge and the hole and provide a liquid or gel layer between

the second end of the cartridge and the particulate stemming material.

Preferably when the method is used in an underground mine having a wall in which
20  the blast hole is formed and an opposite wall, the step of mechanically holding the
stemming in the hole includes the step of operating a jack so that one end of the jack
bears on the wall over the blast hole while an opposite end of the jack bears on the

opposite wall.

25  According to a further aspect of the invention there is provided a stemming material
for use in charging a blast hole the stemming material comprising a mixture of a dry

binding agent, fines, and coarse material.

Preferably the binding agent is one of the group consisting of fly ash; smelter waste

30  material; or other fines containing cementitious material.



30 material; or other fines containing cementitious material. 7 27 August 2004 5 10 15 cartridge shell; 20
Brief Description of the Drawings Embodiments of the present invention will now be described by way of
example only with reference to the accompanying drawings in which: Figure 1 is an exploded sectional
view of a cartridge shell in accordance with the present invention; Figure 2 is a bottom view of an end
cap incorporated in the cartridge shell; cartridge shell; Figure 3 is a view of s&choiyUsA200Rigure 1;
Figure 4 is a view of section P1-P1 of Figure 1; Figure 5 is a view of section P2-P2 of Figure 1; Figure 6

is a view of section P -F?]T fa setconq mBodiment of the Figure 7 is a view of section P2-P2 of the

second embodiment é?ﬂ%%%u%%ﬂg—gh&rcﬁon%r Y B Sew of an upper end of a third embodiment of the

cartridge shell; Figure Brbodigeotioof trevprefeatiottenioparibhtive madesdieed glvaly Bfgrxanplshowing the

layout of an initiator ang initiattleals FRE e L8 ectionview.ladqurth embodiment of the cartridge
e e P Ak

shell; Figure 11 is a section view of a bottom par Iment of

5 Figure 1 is an exploded sectional view of a cartridge shell in
accordance with the present invention;
Figure 2 is a bottom view of an end cap incorporated in the cartridge
shell;
Figure 3 is a view of section A-A of Figure 1;
10 Figure 4 is a view of section P;-P; of Figure 1;
Figure 5 is a view of section P,-P, of Figure 1;
Figure 6 is a view of section P;-P; of a second embodiment of the
cartridge shell;
Figure 7 is a view of section P,-P, of the second embodiment of the
15  cartridge shell;
Figure 8 is a section view of an upper end of a third embodiment of
the cartridge shell;
Figure 9 is a section view of a bottom part of the cartridge shell of
Figure 1 showing the layout of an initiator and initiator lead;
20 Figure 10 is a section view of a fourth embodiment of the cartridge
shell;
Figure 11 is a section view of a bottom part of a fifth embodiment of
the cartridge shell;
Figure 12 depicts one method of use of a cartridge made from a
25  cartridge shell in accordance with embodiments of this invention;
Figure 13 illustrates the second method of use of a cartridge
incorporating the cartridge shell in accordance with embodiments of this invention;
Figure 14 illustrates a further embodiment of a cartridge
shell/cartridge;
30 Figure 15 is a sectional exploded view of a secondary shell depicted

as Figure 14; and,



the cartridge shell; Figure 12 depicts one method of use of a cartridge made from a 25 cartridge shell in
accordance with embodiments of this invention; Figure 13 illustrates the second method of use of a
cartridge incorporating the cartridge shell in accordance with embodiments of this invention; Figure 14
illustrates a further embodiment of a cartridge shell/cartridge; 30 Figure 15 is a sectional exploded view
of a secondary shell depicted as Figure 14; and, 8 27 August 2004 Figure 1&idaglan2dé of a closure
disc incorporated in the shell/cartridge shown in Figures 14 and 15. Detailed Description of the Preferred
Embodiments 5 Figures 1-5 dep|ct|£a flrst bOdI ent of the cart idge sd*uell 10. The,c I’Irl(l ge shell
comprises a main body 12 defining BV61u rétn 513 Po?rhell'alng a ?r%t S At 3?“2%; v?/n) The main
body 12 has a first endnttiGniddge sppositd-seosrid emilds. The flrst end 16 is generally planar and in
effect forms a planar base for the shell 10. The second end 18 however is tapered to form a point or
wedge-like member 20. 10 The taperlng of the second end 18 is configured so that an area of the second
end 18 measured in a2glalHs ' BEHtSthe main body 12 reduces in a direction

to the first end 16510 thﬁgﬁ%oﬁg @éﬂﬁh@flﬂéﬁHﬁb%lﬁhéﬁfﬁf‘%ﬁ@@aﬁ?l&dgléﬁ%ﬁ fo.amAeattRIG 8RS the second
end 18 in plane P2 is reduced in comEarlson to the area 15 measured in plane PIl. The second end 18

can take one of a nunfi9SIPEFHRPRI QpivcirceHae< YRkiRfud<on h9f|do{H9.i ) e QRIS TRASHhe second 18
is in the form of two inglingtosufades @dianddy 12 has a first end 16 and an opposite second end 18.

The first end 16 is generally planar and in effect forms a planar base for the shell 10.

The second end 18 however is tapered to form a point or wedge-like member 20.

10
The tapering of the second end 18 is configured so that an area of the second end 18
measured in a plane transverse to a longitudinal axis of the main body 12 reduces in
a direction to the first end 16 to the second end 18. Thus, with reference to Figures 4
and 5, the area of the second end 18 in plane P, is reduced in comparison to the area

15  measured in plane P;.

The second end 18 can take one of a number of different specific shapes. In Figures
1,4 and 5 it is seen that the second 18 is in the form of two inclined surfaces 22 and
24 that converge toward each other. However, in an alternate embodiment the

20  second end 18 can be in the form of a conical frustum. This is depicted in Figures 6
and 7 which illustrate a transverse section of the second end 18 through planes P;
and P, respectively. In yet a further embodiment depicted in Figure 8, the second
end 18 is in the form of a chisel point. Of course other shapes are possible such as,
but not limited to, three, four or five sided prisms.

25
Ideally the main body 12 and the second end 18 would be formed integrally and
from a plastics material. However it is possible for the second end 18 to be made
separately from the main body 12 and if so, the two components can then be
attached together. The main body 12 will conveniently be in the form of a

30 cylindrical tube as depicted in Figure 3 showing section A-A of Figure 1.



24 that converge toward each other. However, in an alternate embodiment the 20 second end 18 can be
in the form of a conical frustum. This is depicted in Figures 6 and 7 which illustrate a transverse section
of the second end 18 through planes P1 and P2 respectively. In yet a further embodiment depicted in
Figure 8, the second end 18 is in the form of a chisel point. Of course other shapes are possible such as,
but not limited to, three, four or five sided prisms. 25 Ideally the main body 127 ghalothet 286@nd end 18
would be formed integrally and from a plastics material. However it is possible for the second end 18 to
be made separately f@m t%*)ledmﬂ'rh bo%y 12 an%érf]a?qht e %WO co onfnis ca}q th%nﬂ)f atﬁﬁched
together. The main bo f}"T Rl con%?e%igﬂ%wr@e I heefdf?negfjatloé \(':Vy A4Sl P& e°as 8(‘5"[5 cted in Figure
3 showing section A-AanEfegatie haeridl. Audostre D0teMain diedad 28hasravidepdornge2Goatinke first end to

allow filling of the sheIHOO %ggmea&gﬂg%%gg]@gégri%é;% osyIre yggﬁgg%r&{c Xl deﬁt’@ {%ovided for

insertion into and closure e openin e cap s press/interference fitted into the opening 26.
This forms a line or zoWeGEa ks BERRAIME S eonte 2BWerkisapEMa fEsBed ¥Brmed centrally through the
cap 28 to allow an initiator such as an electric match 32 (see Figure 9) to be pushed into the main body
12. A lead 34 from the match 32 passes through aperture 30 for coupling with_an electric power source.

10 In an alternate emBYLRFEHIERDR IR e7girtvibravatlesPRaf i alI98 8t RN I PSBar the first

end 16 is provided witbigtrRoaseB&feeseriingoihe heitiaial easltBdmalhBotsceEs sAneiludesraniirst length 40
provided on the main %%era%‘ d a second, length rovid ca The cagu%:Se is orientated

. . C SR ouah. sperure 40 B8 oueldnin tR n (Qe%t%'c ONer Sburce. .
when inserted into the maln%o 3931? 30 (it tHe lengths A6%Rd gﬂvoﬁt e recess 88 e in alignment.
When
10 Inan alternate embodiment depicted in Figure 10 the outer surface 36 of the shell 10
near the first end 16 is provided with a recess 38 for seating the initiator lead 34.
The recess includes a first length 40 provided on the main body 12 and a second
length 42 provided in the cap 28. The cap 28 is orientated when inserted into the
main body 12 so that the lengths 40 and 42 of the recess 38 are in alignment. When
15  the electric match 32 is inserted through the aperture 30 the lead 34 can be seated in
the recess 38 to provide it with some protection from accidental damage or cutting
when the shell 10 is inserted into a blast hole. In a further variation the length 40 of
the recess 38 can be extended along the main body 12 to at least a point where the

wedge-like member 20 commences.

20
In a further variation depicted in Figure 11, the aperture 30 is placed in the point or
wedge-like member 20 rather than in cap 28. In this embodiment the shell 10 can
also be provided with an internal passageway 35 through which the lead 34 passes to
deposit the initiator 32 near the first end 16 inside the main body 12.

25

Figure 12 illustrates one method of use of the shell 10. The volume 14 of the shell
10 is filled with an energetic substance such as a propellant to form a cartridge 10c.
The cartridge 10c is inserted into a blast hole 46 formed in hard material 47 with
first end 16 first so that the first end 16 is adjacent a toe 48 of the hole. Accordingly
30 the second end 18 faces or is directed toward a collar 50 of the hole. Next, a

quantity of particulate stemming material 52 is placed in the hole 46. Typically this



15 the electric match 32 is inserted through the aperture 30 the lead 34 can be seated in the recess 38 to
provide it with some protection from accidental damage or cutting when the shell 10 is inserted into a
blast hole. In a further variation the length 40 of the recess 38 can be extended along the main body 12
to at least a point where the wedge-like member 20 commences. 20 In a further variation depicted in
Figure 11, the aperture 30 is placed in the point or wedge-like member 20 raihduthest R064p 28. In this
embodiment the shell 10 can also be provided with an internal passageway 35 through which the lead 34

passes to deposit the initiator 32 near the first end 16.inside the main pody. 12. 25 Figyre 12 illustrates
one method of use of % éﬁgﬂ%%].yTﬁl V6 'm%iifeor?%%gsrn%%ﬁ“i?ﬁs' Ek&yv v”%[#oatﬂee*hoé% t Substance
such as a propellant tdefeliewantritierefa®c4 Dhineasid dgeetioc4is imsditbdhiatola Hastftroledd6 formed in

hard material 47 with fiﬁ@%{%ﬂ#nﬁ% Eﬁ%%‘?emﬂé&%iﬁgxﬁg?@ﬂ I’anH? Afiagent a toe 48 of the hole. Accordingly

30 the second end 18 faces or Is'directed toward a collar 50 of the hole. Next, a quantity of particulate
stemming material 52 is placed in the hole 46. Typically this 10 27 August 2004 will be done by blowing.

The stemming matIerialh5t|3ei%rﬁ!)%{ﬁ]éﬂf%flﬁgb@'Qfﬁlé%cﬁﬁﬁféhpﬁﬂmﬁé@ &Eﬁ%\f@@%ﬁﬁs‘éﬁm@ fard material
47 in which the hole 46 is formed. The stemmirAlg 52 is then mechanically held in the hole 46. 5 In the

embodiment of FigureSEIRERBCRA AR BRKHE RO Lt by REERIFIGTAM R MRS BA %6 into the
hole 46 so that one ersitbhpitbe Biganroppgsheaerme s o tht eersisiny b gdehantioanteppesiteeend 60 of the

stemming bar extends_fro theéhee face 54. A cup 62 is Iﬂfded over and cradles end 60, An opposite
side of the cup 64 is %ozr{mtgoc Wit Eésﬁ%ﬁ%jr Vaeégngs%as&f)ﬁgrts anAé]c? Osﬁreo%ggé)? f?ecg%r%lvxllsprop 66 is
formed with a planar base and supports an acrow prop 66. The acrow prop 66 is
10 extended in length or otherwise jacked so that its opposite end 68 abuts a wall 69

disposed opposite the free face 54.

By connecting lead 34 with an electrical power source, the initiator 32 generates a
high temperature flame to initiate the propellant or other energetic material within
15  the cartridge 10c. The gas generated upon initiation initially bursts through the main
body 12 about the line of weakness formed by the coupling of the cap 28 to the main
body 12. The increase in gas pressure can tend to force the cartridge 10c toward the
collar 50 of the hole 46. As this occurs, the point or wedge-like member 20 acts on
the stemming 52 to increase the radial compressive force on the stemming material
20 in an annular-like region between the peripheral of the second end 18 and the
adjacent portion of the surface of hole 46 thereby increasing the sealing effect of the
stemming material 52. The stemming material 52 is prevented from blowing out of
the hole 46 by action of the mechanical retention provided by the stemming bar 56
and acrow prop 66.
25
The sealing effect of the stemming material 52 is enhanced by forming the stemming
material 52 from a mixture of a dry binding agent, fines, and coarse material. It has
been found that fly ash is a particularly beneficial binding agent and the mixture
containing fly ash has a tendency to set when blown under pressure into the hole 46.
30  The binding agent and fines comprises particulate solids of mesh size less than

about Imm. The coarse material within the stemming aggregate contains particles



10 extended in length or otherwise jacked so that its opposite end 68 abuts a wall 69 disposed opposite
the free face 54. By connecting lead 34 with an electrical power source, the initiator 32 generates a high
temperature flame to initiate the propellant or other energetic material within 15 the cartridge 10c. The gas
generated upon initiation initially bursts through the main body 12 about the line of weakness formed by
the coupling of the cap 28 to the main body 12. The inarease in gas pressufy caungiestd?iDtbrce the
cartridge 10c toward the collar 50 of the hole 46. As this occurs, the point or wedge-like member 20 acts

on the stemming 52 to incr%ase the radia omprgsslve force on th st?lmmin material.2Q in an
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annular-like region beR/]:/(renee tﬂ(zeepué)rltf% e RREBRPERE fg]ea[r% & Ss‘cﬁ} %Rf B%e iBh'5f the surface

of hole 46 thereby incrtasingaheate qlingy affest witkeprsmicisningmateties 52r Thesstemaning material 52 is
prevented from blowin&r%ﬂtﬂ{o&?ﬁ]gajﬁl_dﬁ by action of the mechanical retention provided by the
stemming bar 56 and acrow prop 66. 25 The sealing effect of the stemming material 52 is enhanced by
forming the stemming material 52 from a mixture of a dry binding agent, fines, and coarse material. It has

been found that fly asﬁhi%rﬁa‘P@fﬁE%b”ﬁfébh&?ﬂﬁfBE@ﬂmi e ﬁ&@ﬁ%?ﬁﬁ%ﬁhﬁe%ﬂ@e @QBW&GHW ash has a
tendency to set when blown under pressure into the hole 46. 30 The bindin ent and fines comprises

) _ _ a
particulate solids of mESHER DR LE fplta XRHME A AN TP Lol b IHasRRY) '{i‘%ﬂﬁ%ﬁ bale 4 ing aggregate
contains particles 11 2fyApgtisbetoeh afdnash sidecupftthabatidyeroc Biddirgageats atbhasithan fly ash

can be used in the st(;1 méﬂ% mfateri|al chh as Wast?z%r duct fron&.s lters, or fines‘t co gaining
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cementitious material. 5 In"a@n alternate method T0F stemming the holé 46, after cartridge 10c has been
and the cartridge 10c. The gel 70 assists in sealing the hole 46 to prevent the escape
10 of gases upon initiation of the energetic material held within the cartridge 10c. In all
other respects, the method depicted in Figure 13 is the same as that depicted in

Figure 12.

The use of the stemming material 52 either by itself or in conjunction with the

15  liquid/gel 70 provides a seal of high integrity that substantially limits the escape of
gas. The mechanical retention of the stemming by use, in these embodiments, of the
stemming bar 56 and the acrow prop 66 prevents the stemming 52 being displaced
toward the collar of the hole 50 thus maintaining relative constant the volume of the
hole 46 within which the gas operates.

20
Figures 14 and 15 depict a shell 10 and corresponding cartridge 100c in accordance
with a further embodiment of the present invention. The cartridge 100c is in effect a
stackable cartridge comprising a shell 10 in substantial accordance with that
depicted in Figure 1, although with a body 12 of shorter length, and two secondary

25  cartridges 102a and 102b (hereinafter referred to in general as “secondary cartridges
102”). Different embodiments of the cartridge 100c can include either a single
secondary cartridge 102 or more than two secondary cartridges 102. The shell 10,

when containing energetic material constitutes primary cartridge 10c.

30 Each secondary cartridge 102 contains a quantity of energetic material (not shown)

and is formed so as to be connectable in an end to end fashion with the first end 16



inserted into the hole a volume of a liquid or gel 70 is inserted into the hole 46 to fill any space between
the outer surface of the cartridge 10c and the surface of the hole 46 and provide a liquid or gel layer 72
between the particulate stemming material 52 and the cartridge 10c. The gel 70 assists in sealing the
hole 46 to prevent the escape 10 of gases upon initiation of the energetic material held within the
cartridge 10c. In all other respects, the method depictetkin Figure 13 is the 8ameassthzd@epicted in
Figure 12. The use of the stemming material 52 either by itself or in conjunction with the 15 liquid/gel 70

provides a seal of high jntegrity that sybstantially limits th cape .. The mechanical.retention of the
stemming by use, in tﬁég%e g”r%%é&?ﬁé%t%?%f’ﬁe%gbe %ﬁ{ in%%@{? é)éya(g]g %1%' g(u,?gv'[gyp E%n%rgerblpevents the
stemming 52 being dispdciatictotaiaed thyetiootiatroigth£0ho e Oethverserhbyntainiaut ng ltéver caoistant the
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corresponding cartridge 100c’in accordance with a further embodiment of the present invention. The
cartridge 100c is in effetnaoktaoraAsialionARd sleragmhod ABRRIFHC SPRIENeD.i-elUdSraRlgaPuiedEnce with that

depicted in Figures1, aibedeN ywithha PrA¥bAdahsBatRGEB NG (RBShENHP RE R 2 GRnthgdges 102a

and 102b (hereinafter referred to in general as "secondary cartridges 102"). Different embodiments of the
cartridge 100c can incHIE8HEHBME 8lnd 20 98 6HYMIYE SRS FO BB Y RY RORRET I A8 B8 M ary cartridges
102. The shell 10, whgngosgeynin@renfely stiondaig batigyestinte spwvaryheantivigealOsiy3(» Each
secondary cartridge 102 contains antity of energetic material (naot shown) and,is formed so as to be
cannociabie m anencf 1 SAN T A0 B oA e B A B o &y 12
with each other. In thisinderyleth sttimgent teaotieynelite ti@rgasingle 50 gm cartridge under the UN Safety

10 Classification regarding the transportation of such goods.

Each secondary cartridge 102 has a first engaging means 104 at one end and a
second complimentary engaging means 106 at a second opposite end. This enables
the first engaging means of one secondary cartridge (e.g. engaging means 104 of
15  secondary cartridge 102b) to engage with the second engaging means of an adjacent

secondary cartridge (e.g. second engaging means 106 of booster cartridge 102a).

Each secondary cartridge 102 has an outer shell 108 which includes a substantially
cylindrical body 110 with the first engaging means 104 being in the form of an axial

20  extension 112 at the first end of the cartridge 102. The extension 112 is formed with
an outer diameter less than the outer diameter of the cylindrical body 110. The
second engaging means 106 is in the form of a recess 114 formed at an opposite end
of the cylindrical body 110.

25  The outer surface of the axial extension 112 is circumscribed by two axially spaced
protrusions 116. The protrusions 116 have a saw tooth like profile, as can be seen

most clearly in Figure 15.

The inside surface of each recess 114 is likewise circumscribed by two axially

30  spaced apart ridges or ribs 118.



material contained by the cartridge 100c can be varied by connecting one or more secondary cartridges
102 to the main body 12. This has substantial ramifications in terms of transportation and storage of
energetic materials. For example, by forming 5 the body 12 and the secondary cartridges 102 to contain
no more than 10 gm of energetic material, a 50 gm cartridge can be constructed by connecting together
a single body 12 and four secondary cartridges 102. Hosvever the individuaRBddygl@t &004artridges 102
can be transported separately as "10 gm cartridges” potentially under less stringent requirements than a

single 50 gm cartridge under the UN Safety 10 Classification regarding the transportation of such goods.
Each secondary cartrié‘ ésfﬂ raasp%aﬁr%t Ear%a'g%rﬁ e%‘ smfﬁrzldil%ngﬁeé (é)fnﬂjea[ﬁ%esg %é{c%ﬁrc?aé rmplimentary

engaging means 106 #taa tedom dippetitefehe cilhigrienldinlidy ptngofirst oithgsiglhiéaneafrgne secondary
cartridge (e-9. engaging MeaRe-t 1 oS dReASRRdRHRaKdae IPRUDENRACHD qgsgeond engaging
means of an adjacent secondary cartridge (e.g. second engaging means 106 of booster cartridge 102a).
Each secondary cartrifi§e 123amnadhasnsirthsrranlh 038 wehsipaaticides aasilsieaidaly AyliAbeical body 110

with the first engagingrm@aasrﬁpfzbammé@%&ﬁmr@f RS RxiaHAQ QFteRsIRs: 13 Abthsdiishend of the
cartridge 102. The extension 112 is formed with an outer diameter Jess than the outer diameter of the

cylindrical body 110. TRECSJEUR e AYAHFA &AM YIB! TETHeARPIBY IS favalde B¢ BESY at an
opposite end of the cylindecpdrippdyy 13101125 disee 12ter Burtfree thé thegaxieextringisn 142 égecircumscribed

by two axially spaced proysions 1o Mhe profsions, 103y 2,580 jeoh ke pigle, gs can be seen
most clearly in Figure 15."The insidé surface of each”recess IS Tikewise Circumscribed By two axially
30 spaced apart ridgebadisribe did812Bainsutpase@0@P. The disc 122 is made from a combustible

10  material such as plastics, paper or cardboard.

When assembling the cartridge 100c, the shells 108 are held in a vertical disposition
with axial extension 112 down, and energetic material poured in through recess 114
to maximum level up to the annular seat 120. The closure disc 122 is then inserted

15  pastridges 118 and 124 to be held against the annular seat 120.

To connect two secondary cartridges 102 together, the axial extension 112 of one
cartridge is pushed into the recess 124 of an adjacent cartridge. During this process,
the protrusions 112 click past the ridges 118 until the forward end of the extension
20  bears against the disc 120. In this position, the ridges 118 are effectively seated with
a snap fit behind respective protrusions 116. The end most secondary cartridge 102b
of the cartridge 100c is closed with an end cap 28 identical to that described in

relation to Figures 1 and 10.

25 A longitudinal groove 126 is formed along the outside surface of cartridge
100c/shell 10 having a separate length on each of shell 10 and shells 108 of
cartridges 102a and 102b. The groove 126 seats lead 34 provided with an electric
match 32 which is inserted into the end cap 28. Prior to the insertion of the end cap
28, a hole is pierced through the disc 122 in cartridge 102b through which the match

30 32 can be inserted.



As is further apparent from Figure 15, the inner diameter of the recess 114 is greater than the inner
diameter of the cylindrical body portion 110 of the shell 108 creating an annular seat 120 therebetween.
The recess 114 is created by inserting a closure disc 122 into the end of the shell 108 to sit against the
annular seat 120. A further 5 ridge or rib 124 is formed about the inside surface of the recess 114 at
locations spaced from the annular seat 120 by a distarice approximately eq2ialAodhettBbdhess of the
periphery of the disc 122. Further, the ridge 124 and disc 122 are dimensionally related so that the ridge
124 sits behind the disc 122 and effectively holds the disc 124 against the seat 120. The disc 122 is
made from a combustible 10 material such as plastics, paper or cardboard. When assembling the
cartridge 100c, the shéllsri@8@assistid tire aligariest| ofipositavate \eitbtias@diosoten $ koot batbldwn, and

i terial in t level : -120. Th
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closure disc 122 is then inserted 15 past ridges 118 and 124 to d against the annular seat 120. To
connect two secondar§ttagtrifgaeh 1e2sobketifai arided xiihaHansion fial 15 gerigfed extigiaigatispushed into

the recess 124 ofan afiaseitcarisigier Duipgihia procees om@%@&@ﬁ&%ﬁ £HiGkRAGIthe ridges 118
until the forward end of the extension 20 bears against the disc 120. In this position, the ridges 118 are

effectively seated with®2I¥n!95/9R HERAEPTELRLERS Bibtrusions 116. The end most secondary cartridge
102b of the cartridge 100c is closed with an end cap 28 identical to that described in relation to Figures 1

and 10. 25 A longitudinal groove 126 is formed, along the.ou aliéje syrface of cartrid ]}0% c/shell 10
having a separate Ieng?horc%ﬁrg%gu%\{‘ ¢ eerﬁoib%{r? %'?‘%%‘ffs? %%io g‘é?lt{rri]géeecse d?g éhr(fg]e'ff) g.llshe groove
126 seats lead 34 proalsiepravitiedwitiedtaicldhatch 32 which is inserted into the end cap 28. Prior to the
insertion of the end cap 28, a hole is pierced through the disc 122 in cartridge 102b through which the

match
To facilitate coupling of the primary cartridge 10c with the booster cartridge 102a,

shell 10 is also modified in comparison to that depicted in Figure 1 by the
incorporation of a recess 114 to receive the extension 112 of secondary cartridge
102a. The recess 114 in the primary cartridge 10c is of the same form and

15  configuration as that described and depicted in relation to the secondary cartridges
102 and is closed by a disc 122.

Now that embodiments of the present invention have been described in detail it will
20  be apparent to those skilled in the relevant art that numerous modification and
variations may be made without departing from the basic inventive concepts. For
example in the method depicted by Figures 12 and 13, instead of mechanically
holding the stemming 52 within the hole 56 by use of an acrow prop 66, different
mechanical devices can be used such as for example, a weight or massive object, or
25  placing say the bucket of an excavator over the collar 50. In a further variation,
second end 18 of the shell 10 can be formed with a circumferential rebate 74 as
depicted in Figure 14 for seating one end of a sleeve or tube 76. The tube 76 is filled
with the stemming material 52. Tube 76 ideally would be made from a thin walled
easily frangible and/or pliable material such as paper, thin plastics, rubber or
30 cardboard. Indeed the shell 10 could also be made of such materials. In this event

the tube 76 and/or shell 10 can be radially expanded to press against the wall of hole



30 32 can be inserted. 14 27 August 2004 In order to assist in the alignment of the separate lengths of
groove 126 on both the shell 10 and shells 108, the outside surface of each extension 112 and the inside
surface of each recess 114 is provided with a flat. The flat is depicted as item 128 on 5 the axial
extensions 112 in Figure 14. Corresponding flats (not shown) are provided on the inside surface of each
recess 114. In order to allow insertion of the closure discs122 into the reces1Mydbstd290422 is also
provided with a flat 130. 10 To facilitate coupling of the primary cartridge 10c with the booster cartridge

102a, shell 10 is also odige .in.cogmparisipn to that dep%idﬂi]n Iﬁi urehl by the {né:otr oration of a recess
114 to receive the exténsfon £12' eegg%darﬁf/ é’gryﬁ](fgélv "TYoa " ThE fedest ffﬁj?ﬁ? e %)r it ry cartridge
10c is of the same foruvapastBecdorfie patidded Dyhide cdesorilpeap gtdod @gietavenhaiiali oetaditine secondary

cartidges 102 and is glgsediyaglicd g Mo baLABPBITRNR A reseniny B g have been

described in detail it will 20 be apparent to those In the relevan at numerous modification
and variations may be’f&ialorneig depansagioroat the pagidanlieivetoHee srateral xarfiple in the
method depicted By Figarpsinkdhand 13, instead of mechanically holding the stemming 52 within the hole
56 by use of an acrow prop 66, different mechanical devices can be used such as for example, a weight
or massive object, or 25 placing say the bucket of an excavator over the collar 50. In a further variation,

second end 18 of the ghel| 4l GBrobehéaenedingthancairdienidaneativtrelaiat/ ks odewiegedie Figure 14 for
seating one end of a sleevtgeeroeéggsesaa The uh%ﬁtgrg |Isﬁf‘yed WIHE tg}% s{gr?mlngsmﬁtﬁlal 52. Tube 76

ideally would be made trom a thid waned " P 1gures 0 ¢ radiel

spreading and compaction of the stemming material 52 against the sides of the hole

10 46 thereby increasing the sealing effect.

With reference to the embodiment shown in Figures 14-16, as an alternative to the
snap type fit between the primary cartridge 10c and secondary cartridges 102, other
types of couplings can be used. For example, in the simplest form, the axial
15  extension 112 and recesses 114 can be relatively configured to provide an
interference fit. In other alternatives, complimentary screw threads can be formed
on the outer surface of the extension 112 and the inner surface of the recess 114. In

yet a further variation, a bayonet type coupling can be provided.

20 Inaddition, the closure discs 122 can be replaced by a frangible and/or combustible
webs. In addition, it is possible for the closure disc 122 or web to be placed at the
end of shell 108 distant the axial extension 112. In order to then allow for
engagement of an adjacent cartridge 102, the cartridges 102 will be filled with a
quantity of energetic material less than their volume providing an air space to

25 accommodate the inserted axial extension 112.

Also, in Figure 14, a single electric match 32 is shown at the end of lead 34 for
insertion into the end cap 28. However, it is possible for multiple electric matches or
other initiators to be incorporated. For example, one or more additional electric
30  matches can be coupled with a lead 34 via branch leads and sandwiched between the

closure disc 122 and axial extension 112 of adjacent coupled primary shell and



easily frangible and/or pliable material such as paper, thin plastics, rubber or 30 cardboard. Indeed the
shell 10 could also be made of such materials. In this event the tube 76 and/or shell 10 can be radially
expanded to press against the wall of hole 15 27 August 2004 46 and eliminate any free volume within
the hole when subjected to axial compression forces provided by the acrow prop 66 or other mechanical
retention device. End 58 of stemming bar 56 can be press fit into the opposié AndusttheGdibe 76 to
allow one step insertion of the cartridge 10c, stemming material 52 and 5 stemming bar. Also, end 58 of
the stemming bar can be formeﬂ With g géxint ttgéjerlor wedli%e-likﬁ Ii’nember 78 as shown in phantom in
Figures 12 and 13 to 5%%?&%%%5 radial J&c | ﬂlgjfe?ﬂae(% %(cstigns'of the stemming material 52 against
the sides of the hole 10 46 thereby increasing the sealing effect. With reference to the embodiment
shown in Figures 1418 35 AaAALNE.IR RR.S0RAM e HbOBYEGRGR1BALFAErdge 10c and
secondary cartridges 102, other types of couplings can be used. For example, in the simplest form, the
axial 15 extension 11P@sIEvestesthe naksp abavhiqainelpecdsigrguned ftenp rorvaevalesatdiference fit. In
other alternatives scompiimeRipErRarQwireads can be formed on the outer surface of the extension 112
and the inner surface of the recess 114. In yet a further variation, a bayonet type coupling can be
provided. 20 In addition, the closure discs 122 can be replaced by a frangible and/or combustible webs.
In addition, it is possible for the closure disc 122 or web to be placed at the end of shell 108 distant the
axial extension 112. In order to then allow for engagement of an adjacent cartridge 102, the cartridges
102 will be filled with a quantity of energetic material less than their volume providing an air space to 25
accommodate the inserted axial extension 112.



Also, in Figure 14, a single electric match 32 is shown at the end of lead 34 for insertion into the end cap
28. However, it is possible for multiple electric matches or other initiators to be incorporated. For
example, one or more additional electric 30 matches can be coupled with a lead 34 via branch leads and
sandwiched between the closure disc 122 and axial extension 112 of adjacent coupled primary shell and
16 27 August 2004 secondary shell, or to adjacent coupled secondary shell7ANuscst 2@#Hfications and
variations are deemed to be within the scope of the present invention the nature of which is to be
determined from the above description 5 and the appended claims. 17 27 August 2004 The claims
defining the invention are as follows: 1. A cartridge shell for use in fracturing in situ hard materials, said
shell 5 being configurédetddmseie@ivied tineariveteion seachsriadiowsiard material and comprising at least: a
main body defining a volume for holding an energetic material, the body having a first and second
opposite ends, the first end being generally planar and the second end being tapered to form a point or
wedge-like member ditected awayAffaHiifee shell Erngsan fragtudngdripitiyeashanteiaidmidghellclaim 1

wherein the main bodyejp¢liagReting ¥ iR invaROPSRIaNAREHaF SR RRNEbNRLrklHy Cartridge

shell according to claim 2 further including a closure 15 device at the first end said closure device being
provided with, or in coffjlfaet SN ARRWMEITNNDBYY URSIAEPIHBYiAR TPE5HE BRGIEA ARSI The
cartridge shell according iy @l#im hiveecainoiipsitasndsoey fistuayited yateranyorenmad@tibe first end
and the closure de"'C%e%8r'¥aperr'%eso8‘.n%a%5é’r%d to form a point or wedge-like member directed away
from the first end.
10
2. The cartridge shell according to claim 1 wherein the main body

includes a line or zone of weakness adjacent to the first end.

3. The cartridge shell according to claim 2 further including a closure
15  device at the first end said closure device being provided with, or in conjunction

with the main body, defining the line or zone of weakness.

4. The cartridge shell according to claim 3 wherein the main body is
provided with an opening at the first end and the closure device comprises a cap for

20  closing said opening.

5. The cartridge shell according to claim 4 further including an aperture

at the first end through which an initiator lead passes.

25 6. The cartridge shell according to claim 5 wherein the aperture is

formed in the closure device.

7. The cartridge shell according to claim 5 or 6 wherein the cartridge
shell includes a recess or passageway on an outer surface about the first end to seat

30 theinitiator lead.



20 closing said opening. 5. The cartridge shell according to claim 4 further including an aperture at the
first end through which an initiator lead passes. 25 6. The cartridge shell according to claim 5 wherein the
aperture is formed in the closure device. 7. The cartridge shell according to claim 5 or 6 wherein the
cartridge shell includes a recess or passageway on an outer surface about the first end to seat 30 the
initiator lead. 18 27 August 2004 8. The cartridge shell aecording to any one2af Alagonst P@O48B further
including an aperture in or near the second end through which an initiator lead passes. 5 9. The cartridge

shell according to claim 8 further ingcluding .an internal recess or passageway thro ich the initiator
lead extends. 10. The%giartridge shnelclrl]%gé'g?@ egsﬁg[gﬁ)clcgwil}n%f gaine riet%%c \%}f{]nesréirtjo?t?ewjéé&r)nd end is
provided with two or magledinginedsuiieces thataotieeseortdwatdhdDigraathiobthar initatodieedtion of the
first end to the secon 11. The cartridge shell according to any one of claims 1 to 9 wherein the
second end is in the form of conical frustum. 15 12. A shell for a cartridge for use in breaking and/or

fracturing of hard material by the insertion of the cartridge followed by particulate stemming material in a

hole and subsequent igitiation of the,gagkisee.sHa shellding!uAingat lrRaskriRRNn s yEefining a volume
for holding an energetic material, the body having_first and. second opposite ends, the second end

including a surface forr 8X&t0hEASFANGY BEPLMMHSEIRTHRY 5AdRE i nming material in use. 13. The

cartridge shell according to claim 12 wherein the main body
10. The cartridge shell according to any one of claims 1 to 9 wherein the
second end is provided with two or more inclined surfaces that converge toward

10 each other in the direction of the first end to the second end.

11. The cartridge shell according to any one of claims 1 to 9 wherein

the second end is in the form of conical frustum.

15 12 A shell for a cartridge for use in breaking and/or fracturing of hard
material by the insertion of the cartridge followed by particulate stemming material
in a hole and subsequent initiation of the cartridge, the shell including at least a main
body defining a volume for holding an energetic material, the body having first and
second opposite ends, the second end including a surface for exerting a radial

20  compressive force on the stemming material in use.

13. The cartridge shell according to claim 12 wherein the main body

includes a line or zone of weakness adjacent to the first end.

25 14, A cartridge shell including at least;

a primary shell having a main body defining a volume for holding an
energetic material, the main body having first and second opposite ends, the second
end being tapered to reduce in transverse area away from said first end; and,

one or more secondary shells, each secondary shell having a

30 generally cylindrical body for holding a volume of energetic material, said one or

more secondary shells releasably connected in an end to end manner with said first



includes a line or zone of weakness adjacent to the first end. 25 14. A cartridge shell including at least; a
primary shell having a main body defining a volume for holding an energetic material, the main body
having first and second opposite ends, the second end being tapered to reduce in transverse area away
from said first end; and, one or more secondary shells, each secondary shell having a 30 generally
cylindrical body for holding a volume of energetic material, said one or mor@séeandar2Ghells releasably
connected in an end to end manner with said first 19 27 August 2004 end of said primary shell and with
each other. 15. The cartrid]ge.ahell accc%rcjjngdto ?aim 1zthwherein each secondary shell has a first
ARAIERCI AShYplhTEHS

engaging means at oneé]de com ye{-:'-ngaging 5 means at a second opposite end

wherein the first engaging means of a secondary shell is releasably engaged with the second engaging

means of an adjacent,gecondary '_'caijrﬁid Q%h%ﬂrgég&@i E%I aﬁﬁﬂrﬂ”ﬁﬂé’r&}? ﬂ%eﬁ@?%?g/; the second

10 engaging means is receivable within the first engaging means. 17. The cartridge s according to
claim 16 wherein the fslldig dfisdiengseinaryeapretiensrevidad svisendicanaiinagiaty ensassdor engaging

the second engaging igaana: of aioadisssiieeFandadiAReY ke @ﬁga?jl?‘@ fREANEREY sshgilageording to
claim 17 wherein said cylindrical body has a first outer diameter and said second engaging means is in

the form of an axial eXtehsidr 935280 SREA8tHe Vb et ORAIRNOMENY SRR %r A otRePURSAREter, and the

first engaging means igdonidueyfetien.of a recess for receiving said axial extension. 20

16. The cartridge shell according to claim 15 wherein the second

10 engaging means is receivable within the first engaging means.

17. The cartridge shell according to claim 16 wherein the first end of said
primary shell is provided with a first engaging means for engaging the second
engaging means of an adjacent secondary shell.

15

18. The secondary shell according to claim 17 wherein said cylindrical

body has a first outer diameter and said second engaging means is in the form of an

axial extension of a second outer diameter smaller than said first outer diameter, and
the first engaging means is in the form of a recess for receiving said axial extension.
20

19. The cartridge shell according to claim 18 wherein an outer surface of

said axial extension is provided with one or more protrusions and an inside surface

of said recess is provided with one or more ridges for seating, with a snap fit, behind
said one or more protrusions.

25
20. The cartridge shell according to claim 19 wherein said protrusions

have a saw tooth-like profile.

21. The cartridge shell according to claim 20 wherein said protrusions

30 circumscribe the outer surface of said axial extension.



19. The cartridge shell according to claim 18 wherein an outer surface of said axial extension is provided
with one or more protrusions and an inside surface of said recess is provided with one or more ridges for
seating, with a snap fit, behind said one or more protrusions. 25 20. The cartridge shell according to
claim 19 wherein said protrusions have a saw tooth-like profile. 21. The cartridge shell according to claim
20 wherein said protrusions 30 circumscribe the outer surface of said axial &tefsipst Z0Q¥ August 2004
22. The cartridge shell according to claim 21 wherein said ridges circumscribe said inside surface of said
recesses. 23. The cartfidge shell ording to claim 22 further including respective 5 closure discs for
closing the first end ofg é'aid primaraﬁ gﬁe‘ff%ﬁ gasﬁ%rnseagg%rg'eﬂ% Hei az'ﬂ]r%zsiptva\&ef\r/eéqoscaé(%iorr'{ig?ﬁboard of the
first ends of said primancweheltibsshisidosidelsinfachdksi4cdskes.cartridge shell according to claim 23
wherein said primary shell 10 and each secondary shell includes an annular seat at said location for
seating a respective closure disc. 25. The cartridge shell according to claim 24 wherein a second one of
said ridges is axially S¥aced from SARFaHilgRPTEERCEO HEE IO/ FiNa Shiup T, iakeie seaedive 15 against

said annular seats26. Aos@Edfeertp clbanl R giRREAORIGIIRM iR %ﬂrgﬂﬂ%ﬁlﬂé@@ﬂ%? gaiiridge shell in
accordance with any one of the claims 14-25 and, a quantity of energetic material held in said primary

. : ) ) |
shell and said one or FFEPEERGASHIPER &R ﬁfﬁ@?éﬂ?ﬁ S Qe KHARY ShlRIG &M Erial contained
by the cartridge is varigdlls.

24. The cartridge shell according to claim 23 wherein said primary shell
10 and each secondary shell includes an annular seat at said location for seating a

respective closure disc.

25. The cartridge shell according to claim 24 wherein a second one of said ridges is
axially spaced from said annular seat to hold, with a snap fit, said closure disc

15  against said annular seat.

26. A cartridge for fracturing hard material, said cartridge including a
cartridge shell in accordance with any one of the claims 14-25 and, a quantity of
energetic material held in said primary shell and said one or more secondary shells
20  whereby, the total quantity of energetic material contained by the cartridge is varied

by connecting one or more secondary cartridges to said primary cartridge.

217. A cartridge, for use in fracturing a hard material, the cartridge
comprising at least:
25 a cartridge shell in accordance with any one of claims 1 to 13 and a

quantity of an energetic material held within the main body of the cartridge shell.

28. The cartridge according to claim 26 or 27 further including an
initiator disposed within the main body.
30

29. The cartridge according to claim 28 further including an initiator lead



by connecting one or more secondary cartridges to said primary cartridge. 25 30 27. A cartridge, for use
in fracturing a hard material, the cartridge comprising at least: a cartridge shell in accordance with any
one of claims 1 to 13 and a quantity of an energetic material held within the main body of the cartridge
shell. 28. The cartridge according to claim 26 or 27 further including an initiator disposed within the main
body. 29. The cartridge according to claim 28 further inetuding an initiator ledd 2L @7sAAQd4t 2004
connected at one end to the initiator and passing through an aperture in the cartridge shell. 30. The
cartridge according to any o f claims 27 ta 29 wherein the 5 energetic material is a propellant. 31. The
cattrdge according to A ORG SR ML St St GTGTHED TYTAL P E e B B Rhator. 10 32.
The cartridge accordirsgelb claim 31 further including a booster for the initiator. 33. The cartridge according
to claim 27 further including one or more secondary cartridges each containing a quantity of energetic
material, said one or 15 more secondary cartridges connectable in an end to end fashion with said first
end of said main bodp&nd with eabhf saiidgmacerditadaam epraphitlabreheigefcwheitidie contained by
the cartridge is vasied hygeinacting ReppspRIRre secondary cartridges to said main body. 20 34. The
cartridge according to claim 26 or 33 wherein said main body

31. The cartridge according to any one of claims 28 to 30 wherein the

initiator is a non-explosive initiator.

10 32 The cartridge according to claim 31 further including a booster for
the initiator.
33. The cartridge according to claim 27 further including one or more

secondary cartridges each containing a quantity of energetic material, said one or
15  more secondary cartridges connectable in an end to end fashion with said first end of
said main body and with each other whereby the total quantity of energetic material
contained by the cartridge is varied by connecting one or more secondary cartridges

to said main body.

20 34. The cartridge according to claim 26 or 33 wherein said main body
and each of said secondary cartridges each contain no more than 10 gm of energetic

material.

35. The cartridge according to claim 34 wherein each secondary
25  cartridge has a first engaging means at a first end and a second complimentary
engaging means at a second opposite end whereby the first engaging means of a
secondary cartridge is engageable with a second engaging means of an adjacent

secondary cartridge.

30 36. The cartridge according to claim 35 wherein said first engaging

means is received inside said second engaging means so that an outer surface of a



and each of said secondary cartridges each contain no more than 10 gm of energetic material. 35. The
cartridge according to claim 34 wherein each secondary 25 cartridge has a first engaging means at a first
end and a second complimentary engaging means at a second opposite end whereby the first engaging
means of a secondary cartridge is engageable with a second engaging means of an adjacent secondary
cartridge. 30 36. The cartridge according to claim 35 wherein said first engagingugesindd@4received inside
said second engaging means so that an outer surface of a 22 27 August 2004 plurality of connected
secondary cartridges isI of ubs%antiall% cgnstanhouter digmeter. 37. The (%anridg)e zticcford{nrg to claim 36
wherein each second&ri}r Yt SN RS s R G AR Fg?c'ﬁlir?dns aﬁg&'ﬁ/ bt Do e diameter; an
axial extension at saidifarsttend forming said first engaging means of a second reduced outer diameter;
and, a recess at said second end forming said second engaging within which the axial extension is
received. 10 38. The cartridge according to claim 37 wherein said first engaging means and said second
engaging means are réfatively confifeiréa¥iipRorgerding irifefiehci fivieseth SaRe e8CBYANe cartridge
according to claing 38 whApisaidadatstanaiRtHmBsfsss oluralyRicitcmeiarantialiapxial spaced
apart ribs. 40.The cartridge according.to claim 37 wherein said first and second engaging means are
threadingly engageabfGHEHPRALRAAHER Str4P ARG Salf iR, E"9REBIHMERES BlArPeddIfaHSHY said
secondary cartridges @unercixsacient appesieends bidespattivedwebnsiqy aRCSeouhe rengajthyvebs

within which the axial extension is received.

(C

10 38 The cartridge according to claim 37 wherein said first engaging
means and said second engaging means are relatively configured to provide an

interference fit therebetween.

39. The cartridge according to claim 38 wherein said axial extension
15 includes a plurality of circumferential, axial spaced apart ribs.
40. The cartridge according to claim 37 wherein said first and second

engaging means are threadingly engageable with each other.

20 41 The cartridge according to claim 33 wherein said secondary
cartridges are closed at opposite ends by respective webs or discs, where said webs

or discs are combustible, or frangible, or both combustible and frangible.

42. A method of stemming a blast hole in a hard material, the blast hole
25  having a collar adjacent a free face of the hard material and a toe at the opposite end
of the hole, the method comprising at least the steps of:
inserting a cartridge in accordance with any one of claims 26 to 41
into the blast hole with the second end of the cartridge facing the collar of the blast
hole;
30 providing a particulate stemming material comprising a mixture of a

dry binding agent, fines and coarse material;



or discs are combustible, or frangible, or both combustible and frangible. 42. A method of stemming a
blast hole in a hard material, the blast hole 25 having a collar adjacent a free face of the hard material
and a toe at the opposite end of the hole, the method comprising at least the steps of: inserting a
cartridge in accordance with any one of claims 26 to 41 into the blast hole with the second end of the
cartridge facing the collar of the blast hole; 30 providingza particulate stemn2ingugatetidDédmprising a
mixture of a dry binding agent, fines and coarse material; 23 27 August 2004 depositing said stemming
material into said hole; mechanicaé%/?holdin the stemming in }he hole. 4?. The method according to
20 e [gathe

claim 42 further including the steps Ertnﬁggs i ing Mmafel&finto the hole to a level below

the free surface of the hard materiateohseidiiy hadtenm therstelvaringto the Hollast hole to bear at one end on
the stemming material with an opposite end of the stemming bar extending from the free face of the hard

material; and, mechanical holding said opposite end of the stemming bar. 10 44. The method according
to claim 43 further inckidling the stel®MESIASIAGOHENENE Stalie SiehithfhdsBNORHRE 5Bt 6F wedge-like

member directed sawayfRIinEhHORRRRNBERATANRS BERIB IR kP KW bR Mathagaceprding to claim
44 further including the step of injecting a volume of a liquid or gel into the blast hole after insertion of the

cartridge to fill any spREdHE RAEHAL NHEIIGLA AR B Y KIHERRSTIE RtAEALARE 5A9Re a liquid or
gel layer between the gecwnthemnpnefiériel eatiridgpanethel paticsi@atening bar extending from the

free face of the hard material; and, mechanical holding said opposite end of the
stemming bar.

10
44, The method according to claim 43 further including the step of
forming one end of the stemming bar with a point or wedge-like member directed

away from the opposite end of the stemming bar.

15 45 The method according to claim 44 further including the step of
injecting a volume of a liquid or gel into the blast hole after insertion of the cartridge
to fill any space between an outer surface of the cartridge and the hole and provide a
liquid or gel layer between the second end of the cartridge and the particulate
stemming material.

20
46. The method according to anyone of claims 42 to 45 wherein when
the method is used in an underground mine having a wall in which the blast hole is
formed and an opposite wall, the step of mechanically holding the stemming in the
hole includes the step of operating a jack so that one end bears on the wall over the

25  Dblast hole while an opposite end of the jack bears on the opposite wall.

47. The method according to claim 42 wherein the depositing step

includes blowing said stemming material into said hole.

30 48 A stemming material for use in charging a blast hole the stemming

material comprising a mixture of a dry binding agent, fines, and coarse material.



stemming material. 20 46. The method according to anyone of claims 42 to 45 wherein when the method
is used in an underground mine having a wall in which the blast hole is formed and an opposite wall, the
step of mechanically holding the stemming in the hole includes the step of operating a jack so that one
end bears on the wall over the 25 blast hole while an opposite end of the jack bears on the opposite wall.
47. The method according to claim 42 wherein the depagiting step includesdldwiggsatiGtemming
material into said hole. 30 48. A stemming material for use in charging a blast hole the stemming material
comprising a mixture of a dry binding agent, fines, and coarse material. 24 27 August 2004 49. The
stemming material according to claim 47 wherein the binding agent is one of the group consisting of fly
ash; smelter waste md@rial; or oth€hefitreminntadteing amodingtioakimdiewhtrdrge Birchntridge for use in

fracturing an in situ haF[ m%tgﬁ%wg{@rwﬂg&ipﬁmgl gm’jgb%age; Q&erﬁ%ﬁair‘fﬁfj 69 cﬁ\hq]ple in said in situ

hard material and including: 10 a she Initiator, and a quantity of propellant; said shell having: a main
cylindrical body, 15 aft?8s ¢RaNaliNe tependHYsBIdPen at one end and closed at an opposite end, said
tubular portion inserted into said main body at a first end of said shell with said one end disposed
inwardly of said opposite end, ) ) ) o ) )
50. A cartridge for use in fracturing an in situ hard material, said
cartridge being configured to be received in a hole in said in situ hard material

and including:
10 ashell, an initiator, and a quantity of propellant;
said shell having:

a main cylindrical body,

15
a cap having a tubular portion open at one end and closed at an opposite end, said
tubular portion inserted into said main body at a first end of said shell with said

one end disposed inwardly of said opposite end,

20  atapered member attached to said main body and spaced from said cap, said
tapered member narrowing in a direction along said main body away from said

first end to said second end, and

a volume defined within said main body between said cap and said tapered

25 member,;
said quantity of propellant held within said volume;
said initiator disposed in said propellant and provided with a lead which passes

30 through a hole formed in one of said tapered member and said cap.

51. The cartridge according to claim 50, wherein said tapered member



20 a tapered member attached to said main body and spaced from said cap, said tapered member
narrowing in a direction along said main body away from said first end to said second end, and a volume
defined within said main body between said cap and said tapered 25 member; said quantity of propellant
held within said volume; said initiator disposed in said propellant and provided with a lead which passes
30 through a hole formed in one of said tapered memberand said cap. 51. Piefcayusd@®@¢cording to
claim 50, wherein said tapered member 25 27 August 2004 is juxtaposed relative to an end of said shell
distant said cap whereb i ip use vvlhten ?aid caétrigg%eof'shdil?go?]%eiiS in.(? hoIeH‘ormed in said hard material
with said tapered member ?88?88 "5 EONarotsala Hold Gng sald i lsea'lscgt%vn\ﬁrﬁrggywmﬁuge’particulate
stemming material, a gu@ntitydofasizidop ds ticseten s temholmtpmatenah bl dar b@teoatavitbddidtween an outer
surface of said tapere p.b insi ' | LT r according to claim
51 wherein said tapergaégg nﬁe?m%gﬁ ?rﬁjﬁuaé{gs? g@giﬁ@aﬁrﬁsﬁég%&%ﬁihﬁ%}sé inc?'r?iadvggx%rd each other and
terminate 10 in a confifdsUdaiemetiREMsErithe aeattitel stddaiiy RieaEmMBMEErh said surfaces
are inclined at substapdially dhe-5H 8ANER 4R laliee saracetuabiepeitadinalrxismafasaisghell. 15 54. The
cartridge according to any one of claims 50-53 wherein said shell, between a point where said tapered
member commences TR EAGENd closure cap, has a constant outside diameter.

52. The cartridge according to claim 51 wherein said tapered member
includes two planar surfaces which are inclined toward each other and terminate

10 inacommon straight edge.

53. The cartridge according to claim 50 wherein said surfaces are

inclined at substantially the same angle relative to a central longitudinal axis of

said shell.

15
54. The cartridge according to any one of claims 50-53 wherein said
shell, between a point where said tapered member commences to narrow and said
closure cap, has a constant outside diameter.

20 55, A cartridge for use in breaking or fracturing an in situ hard

material by the insertion of said cartridge followed by a particulate stemming
material in a hole formed in the in situ hard material, said cartridge being
configured to be received in said hole in said in situ hard material and including a
shell, an initiator and a quantity of propellant, said shell having a main body, and

25  first and second ends with a volume being defined within said main body
between said first and second ends and containing said quantity of propellant,
said second end of said shell including a surface for exerting a radial compressive
force on said particulate stemming material when said propellant is ignited; said
initiator disposed in said propellant and provided with a lead which passes

30 through a hole formed either in said surface or through said first end.

56. The cartridge according to claim 55, wherein said surface is the



20 55. A cartridge for use in breaking or fracturing an in situ hard material by the insertion of said
cartridge followed by a particulate stemming material in a hole formed in the in situ hard material, said
cartridge being configured to be received in said hole in said in situ hard material and including a shell,
an initiator and a quantity of propellant, said shell having a main body, and 25 first and second ends with
a volume being defined within said main body betweeresaid first and second7eAdg @std200dtaining said
guantity of propellant, said second end of said shell including a surface for exerting a radial compressive
force on said particulate stemming materi hen said propellant is ignited: said initiator disposed in said
oropellant and provideiAth & WA [LSaLMB BT HAR T B8P At surface o
through said first end. f5@n T4id tiestteintje according to claim 55, wherein said surface is the 26 27 August
2004 surface of a member which narrows in a direction along said main body away from said first end.
57. The cartridge according to claim 56 wherein said shell, for a 5 length between a point where the
surface of said membé&r commenceeF AR 2cHOEH dorpiad e hg, Wizesednsaitstael . dotér diameter. 58. The

cartridge accordirgg FOIGF@!W &%@@Zpﬂh%&eﬁié‘ m&*f §§dfﬁféﬁ\%@r%%ﬁﬂﬁ§ﬁ€& &f ﬁi@vmain_ bOd}’ and
attached to said main body. 10 59. The cartridge according to any one of claims 55-58, wherein said

surface is composed G GHFEIbAEE BISART RUEE IR - are inclined toward each other in a
direction along said main body from said first end. 15 60. A system for fracturing an in situ hard material,
comprising. a plurallt){sgf holes in Sﬁ%g (!,Qr rﬁ%glgggom%tge{éaéiaim 56 or 57, wherein said member is

formed separately of said main body and attached to said main body.

10
59. The cartridge according to any one of claims 55-58, wherein said
surface is composed of first and second planar surfaces which are inclined toward
each other in a direction along said main body from said first end.

15  60. A system for fracturing an in situ hard material, comprising:

a plurality of holes in said in situ hard material;

at least one cartridge in accordance with any one of claims 26-41 and 50-59

20 inserted in each of said plurality of holes; and,

a stemming material being located between an opening of each hole and a respective

cartridge positioned in the hole.

25 61. A method of stemming a blast hole in a hard material, the blast hole having a
collar adjacent a free face of the hard material and a toe at the opposite end of the

hole, the method comprising at least the steps of:

inserting a cartridge in accordance with any one of claims 50-59 into the blast hole
30  with the second end of the cartridge shell facing the collar of the blast hole;

providing a particulate stemming material comprising a mixture of a dry binding



at least one cartridge in accordance with any one of claims 26-41 and 50-59 20 inserted in each of said
plurality of holes; and, a stemming material being located between an opening of each hole and a
respective cartridge positioned in the hole. 25 61. A method of stemming a blast hole in a hard material,
the blast hole having a collar adjacent a free face of the hard material and a toe at the opposite end of
the hole, the method comprising at least the steps of: ingerting a cartridge id @écgdanze04ith any one of
claims 50-59 into the blast hole 30 with the second end of the cartridge shell facing the collar of the blast
hole; providing a particulerlrﬁefstem ing material ?_omprising a mixture of a dry binding 27 27 August 2004
agent, fines and, coar8& Maleria ?dég%ré?tm i stemming material into said hole; 5 mechanically
holding the stemming in the hole

depositing said stemming material into said hole;

5  mechanically holding the stemming in the hole



