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CONTROLLED SMALL CHARGE BLASTI NG BY EXPLOSI VE The prlesent
application clains priority from copendi ng U.S. Pravisional Application
Serial No. 60/001, 929 entitled "METHOD AND APPARATUS FOR CONTROLLED

SMALL- CHARGE BLASTI NG OF HARD ROCK AND CONCRETE BY EXPLOSI VE
PRESSURI ZATI ON OF THE BOTTOM OF A DRILL HOLE", filed August 4, 1995,

which is i ncorporated herein by reference in its entirety.

FI ELD OF THE | NVENTI ON The present invention relates generally to
smal | charge bl asting techni ques for excavating rock and ot her
materials and specifically, to the use of explosives in smal | charge
bl asti ng techni ques for excavati ng"Wassi ve hard rock and ot her hard
mat eri al s. BACKGROUND OF THE | NVENTI ON The
excavation of rock is a primary activity in the ~ mning, quarrying and
civil construction industries. There are a nunber of unmet needs of
these industries relating to t he excavation of rock and other hard
materi al s. These
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i ncl ude: . Reduced Cost of Rock Excavati on

I ncreased Rates of Excavation | mproved Safety and Reduced i
Costs of SafW#097/06402 " Better Control Over the Precisi orPeFU$82749
Excavati on Process Cost Effective Method of Excavation

Accept abl e CONTROJELED SMALE CHARGEBINASTING BYEXXLOSIVE Ar eas

WO 97/ 06402 PCT/ US96/ 12749 Drill
& bl ast nethods are the nost commonly enpl oyed and nost generally
appl i cabl e means of rock excavati on. These net hods are not suitable for

many urban environnents because of regulatory restrictions. In production
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m ni ng, drill and

rates while in ninetgggg%ﬁbnent_ Cl VI tunneling, dri

met hods are fungdaeshahliki onah ThppHi bLELbS sfidh vty 6bi/oall, babuerc oE1bRe

| arge-scale drill & blast process. Tunnel boring nmachi nes are used

for excavati ONS'METHOD AND APPARATUS FOR CONTROLLED SMALL-CHARGE BLASTING
OF HARD ROCK AND CONCRETE BY EXPLOSIVE PRESSURIZATION OF
THE BOTTOM OF A DRILL HOLE", filed August 4, 1995,.which is
incorporated herein by reference in its entirety.
FIELD OF THE INVENTION
The present invention relates generally to small.
charge blasting techniques for excavating rock and other
materials and specifically, to the use of explosives in
small charge blasting techniques for excavating massive
hard rock and other hard materials.
BACKGROUND OF THE INVENTION
The excavation of rock is a primgry activity in the
mining, quarrying and civil construction industries. There
are a number of unmet needs of these industries relating to
the excavation of rock and other hard materials. These
include:
Reduced Cost of Rock Excavation
Increased Rates of Excavation
Improved Safety and Reduced Costs of safety
Better Control Over the Precision of the
Excavation Process
Cost Effective Method of Excavation Acceptable

in Urban and Environmentally Sensitive Areas



requiring long, relatively straight tunnels with circular_ cross-sections.
These machines are rarely used in mning oper ati ons. Roadheader
machi nes "arwo9tmeshz i n m ni ng and construction appli caldraismeisigear e -
limted to noderately - hard, non-abrasive rock formations.

Mechani cal i npact er re.c t e of. breakin
oversi ze rock, con?{r ea‘}'lg' é‘f\ﬁra:sltn%%tg{ebéigcég]ec?%ﬁ ‘Qos?tlf’rﬁ%gﬁﬂ%%;y e’ﬁgi°§ed
general excawdld Ofiost O8bnerAREP2ALEAl daBIRC ImUreRKBES r&ck | &4ld 6810, .
relatively weak rock formations having a high degree of fracturing. In
harder rock fahesid aethodacarki ned s0IPabIei f6r sharyoiHsan sy ErdReMFa) |

t he excavation effectiveness of nechanical inpact breakers drops quickly
and tool bit wemausecodagegulatprdl yesteiatnonal | Ipaetoduetdes snbrimg) by

t hensel ves, excavate an underground face in nassive hard rock fornmations.
2. drill and blast methods are fundamentally 1limited in

production rates while in mine development and civil
tunneling, drill and 'blast methods are fundamentally
limited because of the cyclical nature of the large-scale
drill & blast process. | |

Tunnel boring machiﬁes are used for excavations
requiring long, relatively straight tunnels with circular
cross-sections. These machines are rarely used in mining
operations.

Roadheader machines are used in mining and
construction applications but are limited to moderately
hard, non-abrasive rock formations.

Mechahical impact breakers are currently used as a
means of breaking oversize rock, concrete and reinforced
concrete structures. As a general excavation tool,
mechanical impact breakers.are limited to relatively weak
rock formations having a high degree of fracturing. In
harder rock formations (unconfined compressive strengths
above 120 MPa), the excavation effectiveness of mechanical
impact breakers drops quickly and tool bit wear increases
rapidly. Mechanical impact breakers cannot, by themselves,

excavate an underground face in massive hard rock

formations.



WD 97/ 06402 . PCT/ US96/ 12749

Smal | - charge bl asting technl ques can be used in all rock formations

i ncl udi ng NM¥¥@PYB640%ard rock fornmations. Smal | - char ge bl ast iR€J/USH6NYSS
met hods where 'smal | anounts of blasting--agents (typically 2 kil ograns or
| ess) are  consumsthadll -@harogec dliastims opphsbgués ephst@d cusedonmenrijonal
drill and bl ast operations which invol ve drilling nmultiple hole patterns,
| oadi ng hol es x@ickh foxmgiswiz/ cintlnding passiveg hand |Fockcdoamaiciions .t he
bl ast of each individual hole and . in_which tens to thousands of

kilograns of Smﬂllkﬁhﬁgea_ﬁ’éﬁﬁtiﬁge ingdydes megheds. E’HSFgesmaMa§tﬂpﬁgtﬁay
'l 1 aneous! 91 BIARRInGCRERIES | UrgARaly of SRAGERATS geryiLane hgare

nmet hod reI e} a of ] f bI astin ent
used atS ISany one)é?‘le}é at WQ&PAz&Zia Itlggb?rr% sna%éér)ge Dl Z?#f"% % t hod

S repr esen nt 9 It " | ed
Fracture Met hggﬂgﬁahﬁ,&ggg?atﬁgﬁ%gr aBIrlaggIglr%taa Q%'Eér%r,%‘gcthgggﬁ '@g{}é(&)'ﬁ%r ete

Material s". dptigipagenmuielipiies hdie biralddithy,0cKdydimfuchdbed with

characteristic type of
explosive charges, blasting by millisecond timing the blast
of each individual hole and in which tens to thousands of
kilograms of blasfing agent are used. Small-charge
blasting may involve shooting holes individually or
shboting several holes simultaneously. The seismic
signature of small-charge blasting methods is relatively
low because of the small amount of blasting agent used at
any one time.

An example of a small-charge blasting method is
represented by U.S. ?atent No. 5,098,163 entitled
"Controlled Fracture Method and Apparatus for Breaking Hard
Compact Rock and Concrete Materials". This patent relates
to breaking rock by inducing a characteristic type of
fracture called Penetrating Cone Fracture (PCF) by using a
gun-like device or gas-injector‘ to burn propellant in a
combustion chamber. The burning and burnt propellant then
expands down a short barrel and into the bottom of the hole
where it pressurizes the bottom of the hole to induce
fracturing. This process is referred to herein as the

Injector method. The Injector method has difficulty in

water filled holes which can damage the muzzle of the gas-
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fracture called Penetrating Cone Fracture (PCF) by using.a gun-like
device or gas-injector to burn propellant in a combusti on chanber. The
bur ni ng andwwoignéeapz opel | ant t hen expands down a short barreCTAISY6/12749
.the bottomof the hole where it pressurizes the bottomof the hole to

i nduce frac ] Thi SSa d,te0 r i b ect or
ot hod. The 1 Haeffor [T EnBEREE G baatBRERGE ok O thE 2 el mec i PG D

can damage thgnduzgdguifeddit 0&% burn additional propellant -8n the WO
97/ 06402 PCT/ US96/ 12749 i njector.

Anot her di sadimiveger dfo tpresismrdcteotheeihbdrngl votumeqoi rehee nin Jecter N
additional propellant in the injector to pressurize the internal volunme of

t he inj ect or.Thimi sadddcipoadl Ppropsellamt, wirendur hugned)ti mltsinately
contributes to the_ air-blast, ground_vibration dd,%lxyro_ck ener gi es, all
of which are SPREFIRIESY - 47 Jhr i uPlagt, ﬁi’&?‘-ﬁé’ AFiFodg flyrock The

fol I ow ng desgﬁéxbgfeg, ng.&tio%fan%hggﬁnsaroef glrlrvgla.ll'n-:ed by-products of the

rock-breaking process.

The following describes a method and means of small-
charge blasting to break rock efficiently and with low-
velocity fly-rock such that drilling, mucking, haulage and
ground support equipment can remain at the working face -
during rock breaking operations. |

| SUMMARY OF THE INVENTION

Objectives of the present invention are to provide an

excavation technique Ehat is felatively low cost, provides

" high rates of excavation, is safe for personnel, offers a
high degree of controi and precision in the excavation
process, and is acceptable in urban and in environmentally
sensitive areaé.

These and other objectives are realized by the present
invention which is a device for fracturing a hard material,
such as massive rock or concrete, that includes:

(i) a cartridge; and -

(ii) a stemming means for holding the cartridge in a
hole in the material.

The cartridge, which is located adjacent to an end of

the stemming means, includes:



char ge bl asting to break:rock efficiently and with | ow velocity fly-rock

such that .dr mucki ng, haul age and ground support equi
remai n at th@%( |(ﬁg face during rock breaki ng operati ons. %CT’US%’IZ"”

SUMVARY OF THE | NVENTI ON - Objectives of the present invention are to
provide an excavatilon a eeanfizifdge Hease sPpelhirpefy adincenst topricve dend

hi gh rates of Ipe%C@_‘\\/atlon Is safe for rsonnel, offers a hi gh degree of

control and p SETIHNG BEERR: | process and is acceptable in
d ot her

urban and in envi ro‘{ﬂg 6}{| utegregz:g%t‘ﬁda] quosnln\%l c#l? e\/'f%e the

obj ectives are real

fracturing a szﬁ Iﬁgse S%*’fﬁsémﬁéi-i‘,?o ‘E:{‘f OEhQOBﬁEQEe’caQ@r*%?e

i ncl udes: a cartridge; an temm ng nean

hol di ng the cafddsld@e doht@inshahe b:@lUQﬁv'éHtand ad second pokts did cﬁéﬁ’&f‘e
S:

which is |ocated adjacent to an end of the stemm ng neans, I nclu
-4- for controlling the gas pressure in the hole.

explosive is positioned at a distance from the cartridge
base to dissipate a detonation shock wave generated during
detonation of the explosive. Typically, the cartridge base
is sacrificial and not reusable. The spacing of the
e#plosive from the cartridge base and the use of a
sacrificial cartridge base permits re-use of the stemming
means. The device is especially useful in small charge
blasting applications where relatively 1low weights of
charge are employed to cause material breakage.

The space for controlling the gas pressure in the hole
prevents overpressurization of the gas in the hole bottom.
The volume of the space preferably ranges from about 200 to
about 500% of the volume of the explosive.

The sacrificial cartridge Dbase is designed to
experience plastic déformation in response to the
attenuated detonation shock wave before the stemming means.
In this manner, damage to the stemmihg means is inhibited
and the stemming means is reuseable. The preferential
plastic deformation of the cartridge base rather than the
stemming means results from the cartridge base having a
lower yield strength than the stemming means. Preferably,

the yield strength of the cartridge base is no more than
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a cartridge base positioned adjacent to the end

: (ivW) %?ﬁyt er cartridge housing attached to_the C?ﬂ'f/ﬂlé&ﬁﬂ» :

and
base. A fi

expl osive and a second portion a space for

PCT/ US96/ 12749

rst portion of the outer cartridge housi ng cont ai Ns" an

(i)

of the stenm hg neans;

trolling .the gas pressure

in the hol e 8Pothe?75% &b the véeld 55§9996He§92?ha BreFBHRG PRBAS ¢ heThe
base_t 0. di ssipat det i K ted. duri
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cartridge
det onati on

and the use of a sacri

st enm ng

Ipl a .cartrl ge base permfts re-us
e . to TASoWe VI SIE nind, SREGE Aldngtisafdidilamet®@ x4y Yangi

bl asti ng applications where relatively | ow wei ghts of charge are enﬁf
t o cause mat erfpdm bdleaknoe.15 to alddhe spag®e. for controlling the gas

pressure in the hole

goyed

prevents overpressurization of the gas in the hole

bottom The vol umeTofsulbet @pscd Jy edriatize faagsaufingnodbdilte 26 etmial,

the explosive is in close proximity to the bottom of the

hole. Preferably, the distance of the explosive from the

bottom of the hole is no more than about 15 millimeters.

To cause the outer cartridge housing to experience a

high degree of fragmentation, the wall thickness of the

outer cartridge housing is relatively thin. Preferably,

the nose portion of the outer cartridge housing located at

the opposite end of the outer cartridge housing from the

cartridge base has a thickness ranging from about 0.75 to

about 4 millimeters. The cartridge has a length-to-

diameter ratio preferably ranging from about 1 to about 4.

The stemming means and cartridge base can include

guidance means for aligning the cartridge base relative to

the end of the stemming means. In one embodiment, the

guidance means is provided by the use of ﬁatching mating

surfaces at the downhole end of the stemming means and the

upper end of the cartridge base.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a cutaway side view of the present SCB-EX

controlled fracture process after detonating an explosive
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about 500% of the wvol une-of the expl osive. The sacrificial cartridge
base is designed to_ experience plastic deformation in response to

t he attenuéggﬁwﬂgf%nation shock wave before the stemiing nea CT/U$96/127495
manner, damage to the stemm ng neans is inhibited and the stemm ng neans

I S reuseabl e. contladnimgf eaentridbe peddt iv dbeobottownoff at deitar holdgevbase
rather than the stenmmng neans results fromthe cartridge base having a

| over yield s@r&agsivenhshempangt bawn nghawanBavingf ereated atpengrwhting
strength of the cartridge base is no, myre than 97/ 06402 .

PCT/ US96/ 1274§°18n 5P 5%AGFUE ReWhiehai8t FERYFAL of £ 1 RRT S BRI ABtREaneCk The
cartridge bas%o r Eggg%ly has a thickness ranging from about 0.5 to about
2 inches, a dira rrarigi ng fromabout 50 to about 250 mm and a

| engt h- t o- di anet er prig#é&%r hapgi Qgcuéégﬁqap?aé Pidw &P ?ﬁ%‘%ré’?éﬂt ScB-EX 1°

substantially optim acturing o e material, xplosirve 1s 1'n
cl ose proxim tpntectiheddgrheruet Phrecedolattedr ededticilivaing g dbgb#8ESvaS
t he expl osive fromthe
: containing cartridge held in the bottom of a drill hole by
a massive stemming bar, shown having driven a pre-existing
fracture or fractures which intersects the hole near the
bottom. This is typical of jointed or fractured rock
formations.

Figure 3 is a cutaway view of the present SCB-EX
process showing the stemming bar and cartridge in the drill
hole prior to initiating the explosive.

Figure 4 is a cutaway close up side view of an SCB-EX
cartridge and stemming bar means showing the recoiling base
plug design. of the cartridge and the explosive charge
configuration for close-coupling to the hole bottom.

Figure 5 is a cutaway close up side view of an SCB-EX
cartridge and stemming bar means'showing the recoiling base
plug design of the cartridge and the explosive charge
configuration for decoupling the pressure spike from the
hole bottom.

Figure 6 is a cutaway showing an alternative cartridge
configuration in which the explosive charge is decoupled
from the hole bottom and in which the explosive charge is

mounted in the base plug so as to isolate the stemming bar

from any shock transients.



bottom of the hole is no nore than about 15 mllineters. . To cause
the outer cartridge housing to experience a . high degree of fragnentation,
the wal | thiw@nesetodf the outer cartridge housing is rel ati PerusosiaT4g
Preferably, the nose portion of the outer cartridge housing | ocated at
the opposite end ofpiyieeOut 8l CAr&ut houigiwng £f raelmélf_&mac@ététéﬁﬁiﬁﬁse
has a thickness ranging fromabout 0.75 to about 4 millineters. e

cartri dge hasbad esgfhgtipationi simiiig rattiapeyeel erahkytisngtogmbt oM glgout 1
to about 4. The stemmi ng neans and cartridge base can incl ude

gui dance neantapered tgansgtihs dtartheddeibisholelative to the end of the
st emm ng neans. | n one enbodi nent, the gujdance neans is provided by the
use~of matchi ng maFiayresft f 48eR afUERYAHOWHRY eCéndhst PKESSREMSER-B#ans
and the wupper end of the cartrid base. BRI EF DESCRI PTI ON
OF THE DRAW NB¥ocess a Faﬁrgﬁ‘i ?ﬁ%ﬁ‘(‘%\vﬁﬁ KA ﬁ%%‘&tﬁcﬁéﬁﬁ%ttM- EX
?g[‘”o' led TraglyigsPTt8%h 3y CEnd®k20881h Mg baltP Plg/ ®of the scB-EX
cartridge when the cartridge wall does not rupture near the

end of the stemming bar.

' Figure 9 is a cutaway view of the present SCB-EX
process after the explosive has been initiated showing the
sealing. action by the back-up sealing ring when the .
cartridge wall does rupture near the end of the stemming
bar.

Figure 10 illustrates the calculated pressure history
aﬁ the hole bottom for the case when the rock does not
break, typical of the SCB-EX method with the explosive
charge initially decoupled from the hole bottom.

Figure 11 illustrates the calculated pressure history
at the hole bottom for the case when the rock breaks,
typical of-the SCB-EX method -with the explosive charge
initially decoupled from the hole bottom.

Figure 12 illustrates the Calculated gas distribuﬁion
in the SCB-EX systenm for the case when the rock breaks
where leakage occﬁrs around the stemming bar while fracture
volume is opened up.

Figure 13 illustrates the calculated pressure history
at the hole bottom for the case when the rock breaks,

typical of the SCB-EX method with the explosive charge

-8-
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containing cartridge held in the bottomof a drill hole by ' C
st emmi ng baWO %) havi ng created a penetrating cone type ?’F@fﬁ?‘zﬁm ch -
is typical of hard unjointed rock formations. Figure 2 is a cutaway
si de vi ew of imitiakkent cOOBIER Eont tdle ediPiAct RELSTce’S afendtance

detonating an explosive  containing cartridge held in the bottomof a
drill hol e bynicxefRSEWELRF enmi ng bar, shown having driven a pre-existing

f f whi ' I Thi
< Cypi cal of | o MR T4 At dustn tg S Eked Breaditd fflarorli S

cutavay view l_te MAHoetdh Sor RHACASIs AR tmepfcsam%asb%tand

cartridge in ofe prior to Initirating the expl osive.

Figure 4 is g,culjanay,close Yp thdeprop@ldanghbaEedEXharge-in-4gR dtle
stemm ng bar neans show ng the recoiling base pl ug design of the
cartridge andnddio®Xxpl 0si ve charge configuration for close-coupling to
t he hol e bottom

Figure 15 illustrates the calculated pressure history
at the hole bottom for the case when the rock does not
break, typical of the propellant-baséd Gas Injector method.

Figuré 16 illustrates the calculated gas distribution
in the propellant-based Gas Injector system for the case
when the rock breaks where gas leakage occurs past the
basrrel tip while fracture volume is opened up.

Figure 17 shows the present invention in use with a
typical carrier having a boom for the small-charge blasting

- apparatus. The small-charge blasting apparatus includes a
means for drilling a short hole in the rock; indexing;
inserting an SCB-EX cartridge into the hole; and firing the
shot.

Figure 18 is (1) a 'cutaway side view of a small-
charge blasting apparatus mountéd on an indexing mechanism
which is in turn mounted on the end of an articulating boom
assembly and (2) a head-on view of the indexing mechanism
showing a rock drill and a small-charge blasting apparatus.

Figure 19 depicts another embodiment of a device

according to the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

-9-



Figure 5 is a cutaway close up side view of an SCB-EX cartridge and
stemm ng bar neans show ng the recoiling base pl ug design of 't he

cartridge- arRgolohBefsP! 0si ve charge configuration for decoupll,i(_::ig(_‘gggﬁz.,49 .
pressure spike fromthe hol e bottom Figure 6°is a cutaway show ng

Gecoupted  11om & A HORESEPLOMARACT RWHTEHITRE BXRRELPGOTERRY 8 PLner

decoupl ed

mount ed i n the s el 230 AR Ad Withfedde 5 W DoAY, Lrom Ay, hock

transi ents.

PCT/ US96/ 12748 1acing oiciiteibdes cbrtdianty \brgfl il (GHdAsE Shepln

bar configuration show ng a tapered transition to match the apere
transition indrialdhblie, hpbeitioning dingiseive istemntimigabay Yhevhel akgel

present SCB-EX process after the explosive has been detonated show ng

seal i ng acti ohoBg tim cevbabtngrilidsetpé ugastrildgeSCBaiX detonating the
explosive. This method is a small-charge blasting process
as opposed to a mechanical method or multiple hole pattern
drill & blast type method for breaking rock. A small
charge blastihg method implies that the rock is broken out
in small amounts (typically on the oxrder of % to 3 cubic
meters per shot) as opposed to episodic conventional drill
~and blast operations which involve drilling mulfiple hole
patterns, loading holes with explosive charges, blasting by
timing the blast of each individual hole, ventilating and
mucking cycles.

Smail-charge blasting includes all methods where small
amounts of blasting agents (typically a few kilograms or
less) are consumed at any one time. Small-charge blasting
usually involves shooting holes individually and can
include shooting several holes simultaneously. The seismic
signature of sméll—charge blasting methods is relatively
low because of the small amount of blasting agent used at
any one time. Underground small-charge blasting typically
involves the removal bf_from about 0.3 to about 10, more
preferably from about 1 to about 10 and most preferably
from about 3 to about 10 bank cubic meters per shot using
from about 0.15 to about 0.5 more preferably from about

0.15 to about 0.3 and most preferably from about 0.15 to

-310~
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cartridge when the cartridge wall does not rupture near the end of the

st emm ng bar. Figure 9 is a cutaway view of the present SCB-EX .
process afteWOHA¥0PP| osi ve has been initiated showing the scBFT/H§ET4%0nN
by the back-up sealing ring when the cartridge wall does rupture.near the
end of the steabduwyg 0.Barkilograms Fofjubdabiing usgent oS dependdngul et edhe
pressure history at the hole bottomfor the case when the rock does not
break, typi calmethedeuged-EX Suakasen snalhechapoesiiastthar geniovies abhhy
decoupl ed fromthe hoL§ bott gm ) 'Fggure 11 iIIust;gtes t he cal cul at ed
pressure hi st R§eUnRGof matenial, sypdcatdy rRO9ING: fRREh abrut, 30k ter ahrEt
typical of th -EX met hod with the explasivechar ingtlall

decoupl ed f ro%‘aﬁg efe %S?E%ﬁb{'y PromFgéﬁ“r‘lg i‘? i1 %&?"a‘f‘g}s&%ea%% BBt ed

gas distiibutiffeseddld No SR By SR Undll® L afle Lbiipe ek RL °gks

wher e | eakage “occurs aroun mm ng bar fracture

opened up. rock Fig# e shdt | Ldsheat esomheapahieul at edoprgssure A St.ﬁaye

at the hole bottomfor the case when the rock breaks, typi cal of the

SCB- EX met hod piré fetdisl exfrasi aiboubanrgeo about 2.5 and most preferably
from about 1 to about 2 kilograms of blasting agent,
depending on the method used. Bank cubic meters are the
cubic meters of in-place rock, not the cubic meters of
loose réck dislodged from the rock face. The amount of .
small-charge blasting agent per shot ranges preferably from
about 0.1 kilogram to about 2 kilograms, more preferably
from about 0.1 kilograms to 1 kilogram and most preferably
from about 0.1 kilogram to 0.4 kilograms.

In the present invention, t;he principal method by

which the gas-pressures are contained at the hole bottom is
by a massive reusable stemming bar which confines the
pressure in the hole bottom by inertially controlling and
minimizing recoil of the caftridge during the rock-breaking
process. By controlling the geometry of the explosgive
charge, the bottom of the drill hoie can be pressurized in
a manner most suitable for efficient breakage in rock
formations ranging from soft, fractured rock to hard
massive. This method of small charge controlled blasting
is referred to herein as the Small-Charge Blasting -

Explosive or SCB-EX wmethod. This method induces a

controlled fracturing of the rock which is congiderably
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coupled to

case when t

PCT/ USQ6/ 12749 initially
the hole bottom to enhance mcrofracturing. Fi gure
14 il ustrﬁsﬁ7 @ﬁncal cul ated pressure history at t.he hol e geetrisogribago t he

€ “rock does not break, typical of the propellant-based

Charge-in-the-Hol e nmet had., . Figure 15 .l tar e_cal cul at.ed
presgure hi sP8F§ enﬁFgﬁ’hS%%éFéeB&t r’?c&rﬁﬁ%}: céi%%%maéelgét%ga? cfl‘egk‘@ not

Bk hehiBiBRID P LR G phRBkr MEUhY | qure

break, typic
16 illustrat
Gas | njector
occurs past

Fi gure 17 shgysfbhenkr esaBAnkNvVedbi onihduuse viibhe sbottgmi catonarbilied
havi ng a boom for the small-charge bl asting

gas di stri

ut1on in the propellant-based

syst gl OhrEB8ntasenvenbednt heepoekeht eaks WoegRigaEaneAYATE

t he asrfel tip while fracture volune is opened up.

bl asti ng appgratusringl, udesh asnmthes PFenetiratinggCanehdinadioize i (PCRe
ng; I nserting an SCB-EX cartridge into_the hqole; and firing

rock; i ndexi
t he

type of rock fracture. It ditffers from the Injector
method in that an explosive charge is placed directly into
the bottom of a percussively drilled hole. It differs from
the Charge-in-the-Hole method (i.e., described in U.S.
Patent No. 5,308,149 which is incorporated herein by this
reference) in that (1) a detonating explosive is used
rather than a non-detonating propellant; (2) the explosive
can be configured to enhance microfracturing at the hole
bottom; (3) the pressure loading of the hole bottom is far

more rapid; and (4) the cartridge does not play a role in

' the combustion of the blasting agent. However, it retains

or improves upon the major advantages of the Injector and
Charge-in-the-Hole methods in that =rock is broken
efficiently and the resulting flyrock is so benign that

equipment can remain at the working face while the rock is

‘being broken.

Breakage Mechanism
If the rock is of high strength and massive without

extensive ijointing, this controlled fracturing may be
manifested by a type of primary fracture in the rock that
is referred to as Penetrating Cone fracture (PCF). The
basic featuies of PCF rock breakage by the SCB-EX method

are illustrated in Figure 1. PCF breakage is based on the
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appar atus. The smal | -charge



shot . Figure. 18 i.s (1) a cutaway side view of a small - char ge

bl asti ng apparatus nounted on an indexing mechanism which is in turn .
mount ed on tWOBMEBAf an articul ati ng boom assenbly and (2) BCHES/I3M9
vi ew of the indexing nmechanism showing a rock drill and a snmall-charge

bl asting appadatbsation andipgropagstilepi ofs amoaksrsyninedirient fohcaugevi ce
according to the present invention. DETAI LED DESCRI PTI ON

OF THE from the bottoRECPRRED Ep,gcy \hert, rapidly pressurized
402 PCT/ US96/ 12749
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The present |F}’v'gﬁrg BRLPNnvOPYER B BERGHYS déﬁ%}aa¥1§r°Pﬁtbeﬁa@%W‘ﬁﬁr§uch
t | hor,t | | t

expl os; ve chatdES] hiendocker ARR £BBR" wysnh Rowits®, Sl M SErtAce o

expl osi ve char

the drill thfbeﬁogffég{:s Vﬁn%%kfrﬁgﬁlar%%f%a}ﬁ@e @élﬁ@ﬂeirﬁ{ 'tﬂgetpgmoval

expl osive. Thrs net -C asti'ng proc
of a large volume of rock. The residual cone left on the

rock face by the initial penetlration of the fracture into
the rock provides the basis for the name (Penetrating Cone
Practure, or PCF) given to this type of fracturing.

If the rock contains joints or other pre-existing
fractures that intersect the pressurized hole bottom such
as shown in Figure 2, the controlled fracturing will be
manifested by thé opéning and extension of these as the
primary fractures. In either case, the rock breakage is
characterized by a controlled fracture caused by properly
pressurizing only the bottom of the drill hole.

The Drill Hole _

The SCB-EX method may be used in either a constant
diameter drill hole or a stepped drill hole. 1In the case
of a stepped drill hole, the hole bottom is drilled at a
slightly smaller diameter than the top of the hole. This
can be accomplished by a pilot bit with a following reamer
bit. The length of the smaller diameter pilot hole is
slightly longer than the SCB-EX cartridge. The main
purpose of the stepped hole 1is to provide additional
clearance between the stemming bar and the walls of the
drill hole to make it easier to insert the cartridge with

the stemming bar. The stepped hole also allows the
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as opposed to a nmechanical nmethod or nmultiple hole pattern drill & bl ast
type nethod for breaking rock. A smal | charge bl asting nethod inplies

that the roGol§psdpeken out in small amounts (typically on ﬁaqﬂﬁégfﬁﬁfr||“

1/2 to 3 cubic neters per shot) as opposed to episodic convention

and bl ast operations which inyvolve drilling_nultiple hole atterns,

| oadi ng hol gscﬁ"-ltlff'%fpl%%ir}?fle %/Wl%%lﬁte%‘,gl‘ﬁ%g? ? naig%@r FPﬂFﬁaanefBFagaé‘f
each individ I i | ng;and ' C . | L- char ge
bl asting i nclq'ﬁédlelgf aﬁf' rre{ ho%%é%/\hg:r"gﬂsr?al %5%%En§5§%tﬁfas?f%b§%8th )

(typically a digweid0giEntolos t!h%s%)ceﬁlﬁﬂnﬁoﬂ\%_&”%tﬁt tABY 4PAe ! hBFEe is
Smal | - charge bl asting usual Iy invol ves shooting holes individually and

can “'ncl udaedwairitgiedveral hol es simul taneously. The seismic

signature of small-charge blasting nmethods is relatively | ow because of

the snmall anount d&hel gealitgy agénttheseoottom ofiy thee dridl boder gimuad

smal | -charge blasting typically I nvol ves the renpoval of fromabout 0.3 to

about 10, norAd@poniasiter 6aUre oRfabble FCByEdhobFoga®sand efpscigddier anl y

from about 3.to about 10 bank cubic ters per sho& using , from about 0.15
he requirements for

to about 0.5RRFEHMOFE BBFFLVE oI ARTMALIONS.

the hole bottom are a sharxrp corner and numerous
microfractures. This can best be accomplished by
percussively drilling the hole with a sharp cornéred drill
bit.

The corner at the bottom of the hole is where the
primary fracture will be initiated in the absence of pre-
existing fractures. Once the hole is pressurized, a stress
field develops in the rock around the hole and the line of

- maximum tension runs 45 degrees downward from the corner of
the bottom of the hole. The sharper the corner, the higher
the stress concentration and the easier it is for a primary
fracture to initiate at the corner of the hole bottom.

The microfracturing at the hole bottom also promotes
initiation of the primary fracture in the absence of pre-
existing fractures by weakening the rock around the
location where the primary fracture will be initiated.
Microfracturing has been found to be approximately as
effective as notching the corner of. the bottom of the hole.
It has been observed that drilling the hole with a
percussive drill causes a sufficiently high degree of

microfracturing at the hole bottom, at least in soft to
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0 15 to about 0.3 and nost preferably fromabout 0.15 to
WO 97/ 06402 PCT/U896/12749

about 0.2 k.YﬁﬁP&ﬁﬁ’of bl asti ng agent, depending on the neth

Surface small-charge blasting renoves an anount of material typlcally
rangi ng from mbderatelyo dsowt @K rfREMatEIng.ablgndr oniabofirad¢tutdngbout
100, and nost preferabl fron1about 20 to about 100 bank cubic neters of -
rock per shoPPRERKE tPrBf enlanged bY (INCTRARHNI Fhe blpw epexgwr al| yher om

of bl ast i ng aBEHk SZ43RcRARRGEAR PRESRELADR GLckoe HFRS CUELLL MY FECHFe (e
cubi o meters of | Nyglkaggahgeky BPLchBSaEHPIChIRLETSapln LOOREs dEkcrey

di sl odged fromthe roc e anoun

per shot rangge phefiRsBOINCEESN fﬂ@o%heostBkEkoﬂé@HbEOrQHQQé éfé99§gfs’
st pre ably

nore preferably  fromabout 0.1 kilogranms to | ogram and
from about O. £r&inl apoam 50 Amd tlel 269 aiws. more pxia‘fetmlryeﬁem Apentsen,

the principal method by
mm to 125 mm and most preferably from about 75 mm to 100

mm.

The length to diameter ratio (the diameter being taken
as the diameter at the hole bottom) of the drill hole: for
the SCB-EX method ranges preferably from about 4 to 20,
more preferably from about 5 to 15 and most preferably from
about 5 to 12.

If the drill hole is stepped, the diameter ratio of
the larger reamed hole to the smaller pilot hole ranges
preferably from about 1.1 to 1.5, more preferably from

about 1.15 to 1.4 and most preferably from about 1.15 to

1.25.

Confiquration of the Explosive Charge

The basic configuration of the SCB-EX éystem is shown
in Pigure 3, which illustrates the short drill hole, the
cartridge containing an explosive charge in the bottom of
the hole and a stemming bar to contain the high-pressure
gases generated by detonating the explosive, until the rock
is fragmented.

The explosive charge, such as Figure 3 is designed to

give an energy release that will result in a desired
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whi ch the gas-pressures are contained at the hole bottomis by a nassive
reusabl e stemm ng bar which confines the pressure in the hole bottom by
inertially ewmmbyedsbz ng and minimzing recoil of the cartri dgRCTISHEIIRTENE
rock- breaking process. By controlling the geonetry of the explosive
charge, the BORLODLOh B! Ly Rele® dAMHIA PRATHE 20Ul JvOPRGE offOSt
sui table for reakage in rock formations ranging fron1soft
fractured rogkytiaibahidm PRESEUSe EhhSpEEEBAPuBEdSHRON Eher gerrank:ol | ed

blasting is referred to herein as the Small-Charge Blasting - Explosive
or SCB-EX pethag-1) pThi 1+pwhhod induces a controlled fracturing of
t he rock mhlch I s considerably WO 97/ 06402

PCT/ US96/ 1274Bexrenr e eperggaveragei gas Pnaﬁséﬁﬁrent drill and bl ast nethod
or mechani cal rock excavation nethods. rese t invention
represents a signivf FcaiRtip ofgispesidic hﬁ,?&r?s° ’?F&R%"‘Fﬁ)l%r%??ﬁm

controll ed fracturing, such as the Penetratlng Cone Fracture (PCF)

gases

p = average gas density

e = gas energy per unit mass

n = covolume coefficient for the explosive product
gases

The explosive charge mass for the SCB-EX method varies
depending upon the application. In ﬁnderground excavation,
the explosive charge mass preferably ranges from about 0.15
to about 0.5, more preferable from about 0.15 to about 0.3,
and most preferably from about 0.15 to about 0.2 kilograms
"of blasting agent. In surface excavations, the explosive
charge mass preferably ranges from about 1 to about 3, more
preferably from about 1 to about 2.5, and most preferably
from about 1 to about 2 kilograms of blasting agent.

For either close-coupled or decoupled SCB-EX charge
configuration, the average or equilibrium pressure
developed in the volume available in the hole bottom in the
absence of stemming bar recoil, gas leakage or fracture
development, based on the equation p =:(7—1) p e (l+p7y)
ranges preferably from about 100 MPa to 1,200 MPa, more
preferably from about 200 MPa to 1,000 MPa and most

preferably from about 200 MPa to 750 MPa.

~16-



type of rock fracture. - It differs fromthe Injector met hod in that an
expl osive.c s _placed directly into the bottom of a percussivel
drilled hol g@rqg%e”oa‘?% ers from the Charge-in-the-Hol e:net hod FF.T@.JS,%“%“’
described in U S, Pat ent No. 5,308, 149 which is incorporated herein by
this reference) iIm tthe pigsentemetdodng B9l explesiyveusshhrge acher béan
a non-detonating propellant; (2) the expl osive can be configured to

enhance m cr ofPRELEVFRG Ot RdXREFe @ Y BEPCkhSRMER sate Fhadihrlef
t he hol e bott iLs far nore, rapi d;_and ( he cartridge dges not play a
role in thegghhﬁﬂ‘sf’l?oﬁhﬁ‘fmtjrféaag’f%? n4g' aééﬁttt.r%\&t?@c?gisﬁ’% SSists

| mproves upon_.khe_nmajQr va t j et or 2 Char,ge-i n-the-Hol e
nmet hods in '?Eat a ré%%"? gs r-AglroEenq{fc’l_e |écc|{]en yé%%é?%% r% ul _fai ngstkﬁm ock
i's so benign thabfacedBhPiERE GUEH ARa® 8het Eas\éoraﬂawgféﬁfeofhyr%stsﬁ.&er ock
S bei ng broken. Br eakage Mechani sm If the rock is of hig
strength and seefirse dirimeuta tinéegbave j=i shohy, comparedtd®! tRE time
fracturing may be mani fested by a type of primary fracture in the rock

t hat i s refreguired #rPenesebsmiy @ave fucactnoss ( PEE) vollimee ofaiotk

features of PCE rock breakage by the SCB-EX nethod
affected by the spike. A strong shock spike consists of a

strong shock followed immediately by a sharp rarefaction
wave such that the risk and fall of pressure occurs during
a time tha_l'c. is short compared to the time requiréd 'for a .
seismic wave to cross the volume of rock affected by the
spike. When the explosive charge is close coupled to the
hole bottom, a strong shock spike is driven into the rock
at the hole bottom and additional microfractures are
induced as the compressive strength of the rock 1is
substantially exceeded. Increased microfracturing promotes
easier initiation of the primary fracture system. This
ability may prove decisive in very hard, massive rock
formations where thé blow energy of the drill is limited.
The explosive charge can be configured to directly couple
only around the region of the corner of the hole bottom to
create microfracturing only near the corner of the hole
bottom where it is desired to initiate the main fracture.
In the SCB-EX charge configuration for close coupling
of the explosive charge to the hole bottom, the' amplitude
of the shock spike measured at the hole bottom ranges

preferably from about 1,500 MPa to 5,000 MPa, more.
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are illustrated in Figure 1. PCF breakage is based on the

-12- WD 97/ 06402 © PCT/ruUs96/ 12749
initiatian d propagation of an axi-symetric fracture fro RS9k
corner of aagﬁ%ﬁp,gﬁapidly pressurized drill hole. Such a fggc uf%

initially propagates downward into the rock, and then turns towards the
free surface pesefenablye fafdmecabopec @ AhpYPrarfic ~e50Pt iMRR | Anchempskopval

of a large volune of rock. The residual cone Ief% g t@f rock face by the
initial penetPEeferabiytREon aPYre2i 28 MPRPoik BPO Bes the basis for

1 e, (Penetr 24y Sang, o HACy Bl BT beORYAICLS L1151 L¥PEaPLs ny

fracturing. Jo6ints or o pré-exrs

fractures thal, L ALEGIREL LNGaB BaEWELACENBOLAAN ! AHSTWD1 ot NOHRLLE

Figure 2, the coniro urrng w mani f ested "by the openinhg and
extension of 1AeSenas Hle bWEsH ¥sl sl ein Figuekt Ber CeRes Wl rpek

breakage is characterized by a controlled fracture caused by properly
desirable in softer, highly fractured rock formations where
only the generation of gas with no strong shock component
is desired. The strength of the shock spike impacting the
bottom of the drill hole can be controlled by the size of
the gap between the end of the explosive charge and the
hole bottom.

In the SCB-EX charge configuration for an explosive
charge decoupled from-the hole bottom, the length of the
gap separating the bottom of the explosive charge from the
bottom of the hole ranges preferably from about 19 mm to 60

" mm, more preferably from about 10 mm to 50 mm and most
preferably from no more than about 40 mm.

In the SCB-EX charge configuration for an explosive
charge decoupled from the hole bottom, the amplitude of the
shock spike measured at the hole bottom ranges preferably
from about 600 MPa to 2,000 MPa, more preferably from about
600 MPa to 1,500 MPa and most preferably from about 600 MPa
to 1,000 MPa.

Because of the high pressures, in the range of 100 MPa
to 1,000 MPa, required to properly effect the controlled
fracturing of hard rock, or comparable materials, several
innovative design and application concepts had to be

realized and are the subject of the present invention. The
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pressurizing only the bottomof the drill hole. The Drill Hole The
SCB- EX met hod may be used in either a constant dianeter drill hole or a .
st epped dri [WOHR®M&02| n the case of a stepped drill hole, the RCIVESHARTM
is drilled at a slightly snmaller dianeter than the top of the hale. This

can be acconpbirsBgdrby devdldfedivii M aa_SEQLERV\éﬂﬁlbéil{fErcai?i:i‘id%%eahangth
of the smaller dianeter pilot hole is slightly |Ionger than the SUB-EX
cartridge. appiiedi to the (ude dotitom streppedshbhani shose pyenetiated in

addi tional clearance between the stemming bar and the walls of the drill
hol e to make feoneentienad idwidik &heblastriviipren the t aupicsivengcharge
The stepped hole also allows _the ) - 13-

WO 97/ 06402 sSubstantially fills the drill hole aPénQ&§¥5@E§LRPe(%ﬁll$dge

Lo be I oer{ edekbl i hol O ShA"SEobkel A0 2B Iufebhe Fas Vil 8

drill hole iSvicinity of the drill hole to the full detonation pressure
of the explogive. Gas pressures sufficient for controlled
fracture development but below those which would rupture
the cartridge may thus be attained in a controlled manner.
The pressures thus developed’ are maintained below those
which would deform or damage the end of the stemming bar
and beilow those which would crush the rock around the hole.
However, the pressures generated in the SCB-EX process
controlled and the rock walls near the. hole bottom are
exposed to pressures comparable to those occurring in the

" breech of a high-performance gun.

The SCB-EX Cartridge

The main functions of the cartridge are: (1) to
protect the explosive charge during insertion into the
drill hole; (2) provide the necessary internal volume to
control the pressures developed in the hole bottom; (3) to
protect ﬁhe explosive charge from water in a wet drill hole
and; (4) to provide the stemming bar with isolation from
any strong shock transients from thg explosive charge.

| The wall of the cartridge adjacent to the base plug
may be designed to expand to the drill hole wall without
rupturing, thus preventing the high-pressure explosive

product gases from acting directly on the hole wall or in
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| ess critical. The quality of the bottomof the drill hole is an
i mportant feature of the SCB-EX process, especially in har der nore "
massi ve rocWOaWIeaeZ ons. The requirenents for  the: hol e bRGCHHEW TR

sharp corner and numerous  mcrofractures. This can best be
acconpli shedany fracteresi Bh¥ugal! lordindiecdd) ealohy @hehaidl & opae ed
drill bit. The corner at the bottomof the hole is where the

primary fracties wddtdinmemtt iceft exkplodine gosshoet fages-maintainsgthe
fractures. Once the hole is pressurized, a stress field develops in the
rock around GRS RIeESsURE t9 thale bhe gageHuRCteesleMiRANtIy degr fozm

downward from the corner, of thg bot t qm of thg hglﬁ. The sharper_the
corner, the RAGhBEessNEizer the AgRiTARE, SPRERCLLED: FEAGENFes.  purh agrag

i f Joniti h hol b Th
M Crof 1 act ur PRECEFAHIBSRGPBS SEPG TS co DrTEtatiiy nf ar | Bheor FFESBF! nory
fracture in f:tsﬁc@?&%%q]oaf dBbE1opBH! Sti aefsaeeaaeffb%h&%f& ng di@eig ock
e lntlated.

around the ocat1on ere the pfimary fracture w

M crof ract ur jpgobeankeqld FRdO s agRseyi Febal ¥saspifbf el ivtk aole

notching the corner of the bottomof the hole.
around the steel bar. Such gas escape can reduce, by a
small amount, both the pressure and volume of gas
available for the desired SCB-EX controlled fracturing.
Also the escaping gases could damage the stemming bar by
convective heat transfer erosion processes. As noted
above, the éscape of gases past the reusable stemming bar
may be reduced by having a small clearance between the bar
and the hole wall. Calculations with a finite difference
'code indicate that an annular éleérance of less than-0.38
mm in a 76-mm diémeter drill hole will adequately minimize
the escape of high-pressure gases.

Additional <cartridge integrity is obtained by
including a sliding conical base plug in the cartridge such
as shown in Figures 4 and 5. In these embodimenté, the
cartridgé comprises a tapered wall section with a
cylindrical exterior and a conical interior and a basal
sealing plug of mating éonical shape which can move inside
the conical interior wall of the cartridge. As the
stemming bar recoils out of the hole by the pressure of the

gases, the basal plug can follow and thus maintain a seal
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It has been observed that drilling the hole with a percussive drill causes

a sufficiently high degree of microfracturing at the hole bottom at |east
in soft to 0 97/06402 -14- WO 97/ 06402 FPCT/US96/12749

PCT/ US96/ 12749 noderately hard rock formations, and mcrofracturing

appears to be gghanetdthy enplessiagptbaubktogassesr gyroh thme 1684 &hbhibn
near the conpletion of the hole drilling cycle. The di anmeter of "the
drill hole (takencasmpletedithseteontroiietihbohelbobbbmofrattureherocBsEX

met hod ranges preferably fromabout 50 mMmto 250 mm nore preferably from
about 50 mmto 128hgmrasunkoof peepddalihats agumsfodurdngnthe tiee then

The length to dianeter ratio (the diameter being {aken _ as the dianeter at
t he hol e bott oRFe8FUEFRe d&Fi | I98YR 1?het%€B-ER§ﬁetRﬁfHQ%nyﬁﬁd the

preferably 1 ofahgutedet8r20e ADY CRRCT Sl Bbip LO0 UMes® (2048, 208)

from about 5 mm to 50 mm, more preferably from about 10 mm
to 40 mm and most preferably from about 10 mm to 20 mm.
The amount of recoil is primarily controlled by the
inertial mass of the stemming bar system and the pressure
history developed in the hole bottom.

For either close-coupled or decoupled SCB-EX charge -
configuration, the angle between the cartridge base and the
wall of the cartridge body in which the base may move
during recoil ranges'preferably from about 1 degree to 10
degrees, more preferably from about 2 degrees to 8 degrees
and most preferably from about 3 degrees to 6 degrees.

The wall of the cartridge is thin at and near the hole
bottom. It should be thick enough to withstand the process
of inserting the cartridge into the drill hole. But it
should be thin enough to fragment when the explosive charge
is detonated so as to leave no fragments large enough to
plug thé fractures initiated at the hole bottom corner.
For either close-coupled or decoupled SCB-EX charge
configuration, the thickness of the outer cartridge housing
wall adjacent to the hole bottom ranges preferably from
about 0.75 mm to 5 mm, moré preferably from about 0.75 mm
to 4 mm and most preferably from about 0.75 mm to 3 mm. It

may be desirable to design notches into the bottom of the
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If the drill hole is stepped, the dianeter ratio of the |larger reamed hole
to the snmaller pilot hole ranges preferably fromabout 1.1 to.1.5, nore

pref erably ut 1.15 to 1.4 and nost preferably from (o N
1.25. Conf %(S?é?@%ﬁ of the Expl osive Charge The basi calgon F%‘d@f% on

of the SCB-EX systemis shown in Figure 3, which illustrates the short
drill hole, teRrteidgeitRensereathptgltnfragnents vhamitde explosive tiem of
t he hol e and stenmm png bar to contain the high-pressure gases generated
by detonat i ng‘??"'d%n% osive, until the rock is fragmented. The

expl osi ve charge, ,such Figqure.3 is desj d gi.ve_an energy rel ease
that will result iThG SRIGeEye Char%sg‘ﬁg%%of&‘%"m 1n°Figures 4 and 577

cqui 1 bri um Brs e e S F By PR T Ter T of el st e plghde CEH R’

(1+p[err]) vieFteridge Rvally V=30bdFe1Rl.eSTUeefore, the design of the
cartridge is determined by other factors but not by any
conéideration of the detonating combustion of the explosive
charge. This is contrasted to methods in which non-
detonating propellants are used. The cartridge in these
methods must be designed to provide some initial
confinement to allow the propellant to burn properly up to
the desired pressure, thus adding an additional design
requirement for the cartridge.

- Figure 4 shows an SCB-EX cartridge geometry including:
the downhole end of the stemming bar; a -tapered base plug

" that can slide within the cartridge wall; an explosive
charge that is close-coupled to the hole bottom; an
internal relief volume to control the long term average
pressure of the explosive products; and a back-up metal
seaiing ring in the event the cartridge wall ruptures near
~the base plug.

Figures 5 shows an SCB-EX cartridge geometry
including: the downhole end of the stemming bar; a tapered
base plug that can slide within the cartridge wall; an
explosive charge that is de;coupled from the hole bottom;

an internal relief volume to control the long term average

pressure of the explosive products; and a back-up metal
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[err] = ratio of specific.heats of the explosive product gases =

average gas density gas energy per unit mass %T@;Qg
covol ume coeWO ¥106#2 f or the expl osive product gases : TR (A

charge mass for the SCB-EX nethod varies depending upon the application.

| n under gr oundsexTav@gtrDily in RtheeXeprerst ehe hesiger idge wa Bl erapt ir&3NHEeS
fromabout 0.15 to about 0.5, nore preferable fromabout 0.15 to about

0.3, and nosttipe dhasalpplugr om about 0.15 to about 0.2 kil ogranms of
bl asting agent. In surface excavations, the explosive charge nass

preferably ranges fRHWEDISIOWS, amhAkternak® SCBrER Gamnyidgegedoetsy t o
about 2.5, and referabl f.ram about 0 about 2 kil ograns of
| inotuati i domiidia S f i AT RRSOR SeReERde

bl asti ng agent*-

f b | h
Vol ume. avai | aeé;T] ﬁp%ﬁver%% Gtp o R et %22?3—83 ST VB B |
lig béiSQeQEOE fe8Upa! %8% 'F\i}‘g é[k%tj_:ilor%) P

gas | eakage org %
e (1l+p[err]) ranges pre erably from about 100 a to 1,

preferably frauabeeéoddledPorén thd0Ba¥2 piaRyl €®Sksolate the stemming
bar from strong shock transients; an internal relief volume
to control the long term average pressure of the explosive
products; and a back-up metal sealing ring. in the event the
cartridge wall ruptures near the base plug. |

The SCB-EX cartridge may be destroyed in one shot.
The end of the stemming bar is e_icposeci to a controlled
pressure pulse similar to' that generated inside a
propellant-driven gun and, if protected such as by the

" sacrificial tapered base plug and by the shock isolation of
gap between the lower end of the cartridge base and the
upper end of the explosive, is unlikely to sustain damage
over a large number of firings.' Even if the end of the
stemming bar adjacerit to the cartridge is damaged from time
to time, it is a relatively simple, low-cost operation to
replace or repair the damaged end.

The cartridge can be inserted into the hole in a
number of ways. The cartridge can be inserted either
mechanically by a long rod or bar; or pneumatically by
inserting a flexible tube and blowing the cartridge to the
bottom of the hole by a compressed air syStem with a

pressure differential on the order of 1/10 bar. The

»
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preferably from about 200 MPa to 750 MPa. WO 97/ 06402

PCT/ US96/ 12749 In the present nethod, the explosive charge can be
configured e dgsept a strong shock spi ke at the hole bott %}P)A/le n .
Figure 4. A strong shock spi ke consists of a strong shoc owed

I medi ately a ., shar iare act.i on wave uch that the rise and fall of

pressure fs""(ﬁﬁ? W ﬁat"’ﬁs?%t Y dPYoqthaching the
d f t | Kk ffected by th
pi'ke A 2{ SRS e S e tlHg’lrdmg,rgﬁock followed ~

i edi atel y @tﬁ(ﬁ@ ph,{@r@aq_qtj#m wave such that the risk and fall of :
pressure occuars durrng Ime that is short conpared to the tine required
for a seisnmc wae tEriidigal MetBbd ByOwhitdK thd egasdpb¥skiiges i e
When the expl osive charge is close coupled to the hol e gottom a strong
shock spi ke icontrained iatt ahehbolecbottam uneilhokedibvetby the oxddiirgnal
m crofractures are i nduced as the conpressive strength of the rock is

subst ant i al | prexefegontrridedastrnetures r adsurbnigtpeormassive inertial
stemming bar which blocks the flow of gas up the drill hole

except for a small leak path between the stemming bar and
the drill hole walls. This is illustrated in Figures 6 and
7 which show two variations of -the stemming bar.

The width of the annular gap separating the downhole
end of the stemming bar from the walls of the drill hole in
firing position ranges preferably from about 0.1 mm to 0.5
mm, more pi'eferably from about 0.1 mm to 0.3 mm and most
preferably from about 0.1 mm to 0.2 mm.

This small leakage can be further reduced by design
features of the explosive containing cartridge and of the
stemming bar. The cartridge may be designed with a tapered
wall, which is thicker nearer the stemming bar, and a
similarly tapered base plug which can slide within the
cartridge walls as the stemming bar recoils. This type of
sealing mechanism can reduce the possibility for premature
cartridge rupture and leakage of explosively generated
gases. A sealing mechanism on the stemming bar may also be
used to obtain better or complete sealing near the hole
bottom.

The confinement of the high-pressure gases to the hole

bottom is realized by the proper interaction of the inertia
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easier initiation of the.primary fracture system Thi s ability may
prove decisive in very hard, massive rock formati ons where the bl ow
energy of t¥O706402i5 | pnited. The expl osi ve charge can be RGHVPWIZE? to -
directly couple only around the region of the corner of the hole bottom
to create mofr theastemning drdy wisarh timiodzes the rbheolidl disphatkmensher e
it is desired to initiate the main fracture. In the SCB- EX charge

confi gur at i onoforthe csarewifge ngthef eppansiono Rt etBfacgetiddee hol €he
bottom the a I|tug¥8_of t.he shockl%glke neasured at the hole bottom
ranges pref ePEBR B IS WESRP WP YBE8T 388 REY anoteall Clearance
-17- 7/064 US 6/ 2749
preferably f\r/\gﬁ?'gsgﬁt 9% 0B\ TR £ESTENS, P3%y 3RS FhepPS%sr ﬂB

bout 2,500 . t d d
abou Nﬁ% ak9y3 eﬁqg%ggies the e%%ﬁ%é 6N 1§§ g%ﬁg@%?%(gg% 9§SECG

or eliminated I ntroducing a en the
charge and EBS heke RRiAiy a%héholé@:r.éﬂ Rigrke € % clites MBY bfmnate,

propagate and complete a controlled fracture.

The tip of the stemming bar illustrated in Figure 6
(also the same as shown in Figures 4 and 5) is designed to
locate_onlan abrupt step 6f a stepped drill hole to avoid
crushing the SCB-EX cartridge. The tip of the stemming bar .
illustrated in Figure 7 is designed to locate on a smooth
transition section between the larger diameter upper
portion of the drill hole and the smaller diameter lower
portion of the drill hole. .This type of drill hole can be
formed by a special drill bit assembly. The stemming bar
is inserted into the drill hole and the tapered section
seats on the tapered section of the drill hole to form an
initially tight seal for the high-pressure gases that will
be generated in the hole bottom. The high pressure gases
will cause the stemming bar to recoil, thus opening up a
gap between the tapered section of the stemming bar and the

- tapered section of the drill hole. The tapered section of
the drill hole is 1less sensitive to chipping and
imperfections in the rock than a sharply stepped drill hole
such as shown in Figures 4,5 and 6 and thus the development

of the gap and the leakage of high-pressure gases can be

better controlled.
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desirable in softer, highly fractured rock formations where only the
generation of gas with no strong shock conponent I's desired. The strength

of the shockWOHA7HE402npacti ng t he bottom of the drill: hol e carcbesssnzzaes ™ -
controlled by the size of the gap between the end of the explosive charge.

and the hole bott®Mhce the dév&ﬁéfe%@%%%&m#glﬂ%i%pz{sﬁgm%

expl osi ve charge decoupled fromthe hole bottom the [Fengt gap
separating thebotdhem efrosle sxptdshveofhange BraAMIt hRole potiromulouihfadol e
ranges preferably fromabout 19 mmto 60 mm nore preferably from about
10 nmto 50 mmadenbatost seapieferadbl $hér gasopressuraan genettat4d My the

In the SCB-EX charge configuration for an expl osive charge decoupl ed from
the hol e bott PHORHeLanpiGhaFgcof t hWhenshbhe prerebiantur dd atintihdarelde
bott om ranges pr ef erabl from about 600 MPa.to 2,000 MPa, nore preferably
fr om about Hﬁi}XoX&?5§BrH§aQQﬁFé%%ttﬁréFénﬂﬁ 1P IBoBres8YTeRa

{5 3000 Vo= oy, ST BEafhe bt e R PR T 0 ™
~hard rock, or £OMPBLARLENMRYR | Al SimPRYChEr and the drill hole walls.

This residual Qas leak, although it does not seriously
degrade the pressure in the hole bottom, can cause damage
to the stemming bar over a large number of shots. Design
of high-pressure gas sealing features into the cartridge .
base or downhole '‘end of the stemming bar can reduce of
eliminate the residual leakage of explosive product gases.

In addition to or as an alternative to the sealing and
gas containment provided by the charge cartridge as
described above, seaiihg may be provided at the cartridge
end of the stemming bar. Any of several sealing
techniques, such as V>sealé, O—rings, unsupported area
seals, wedge seals, etcetera may be employed. The seals
may be replaced each time a cartridge is fired or,
preferably, the seals may be reusable. When the primary
sealing function is provided only by the stemming bar, the
design of the cartridge may be simplified considerably.

An SCB-EX cartridge and stemming bar may be readily
inserted into a hole with such small clearances by drilling
a stepped drill hole with a larger-diameter upper-portion

section, as illustrated in Figure 5 for example.
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I nnovati ve design and application concepts had to be realized and are the
subj ect of.the present invention. The WO 97/ 06402 _
PCT/ US96/ 127 X0 HPeO2 ;1 os devel oped within a SCB-EX expl osi ve ®&AY$96(32744nd
applied to the hole bottomare | ess than those generated in conventional

drill & blast where Hdl® @6alasigveaphbegassivbsdaahdabppairakbbes Wae gkl Wan
hol e and contacts the walls of the drill hole and exposes the rock in the
i medi ate vi che redoceghbydacteleéndeing the sudnmide deat itowarde the Bolef

t he expl osive. (Gas pressures sufficient for controlled fracture

devel opment bubokEicsv nSSe REier vkl donidiing the Pacpeldgatmayint htahebe

attained in a contrql] ed manper. = The pressures thus devel oped are

mei nt ai ned bel GATHIEES whi CRSwSTHEF rB#%r S prigedrgabed: thy the

onever . the prYSzaiddt ol et TR e H3Ehec theE" 4F HARY £ mavene

o Sbk e S SpPOLLPEL B PRI L0 B CEBLERL AR UL Lty
other means that are available. The stemming bar is
accelerated to a velocity directed towards the hole bottom,
which is comparable to the oppositely directeé recoil
velocity induced by burning the propellant. These
velocities are on the order of 5 to 50 feet per second..
The pre-firing acceleration must be gsufficient to achieve
the desired velocity in a short distance, on the order of
a third of a hole diameter (an inch or less in a 3-inch
diameter hole). This technique is referred to as "firing
out-of-battery" and is sometimes employed in the operation
of large guns to reduce recoil forces.

Since the recoil velocity of the SCB-EX apparatus
plays an important rolé in the hole sealing process, it is
desirable to minimize recoil veldcity. The firing out-of-
battery technique can accomplish this. Alternatively, if
recoil velocity is acceptable, @ this technique can be
employed to reduce the recoil mass. In the SCB-EX method,
the SCB-EX apparatus serves as a large part of the recoil
mags and thué the weight of the apparatus may be reduced.
Weight reduction is an important goal since the carrier and

boom can operate more efficiently with less weight

associated with the drill and SCB-EX apparatus.
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The SCB-EX Cartridge The main functions of the cartridge are: (1) to
protect the explosive charge during insertion into the drill hole; (2)
provi de the WaGSaeRLY i nternal volume to control the pressur d
in the hole botcg?’(?m&&(B) to protect the explosive charge from$%a§¥&F%Q§

wet drill hole and;. (4)..tqQ provide the stenm ng.bar with isqlation from
any strong shock trams ericngr Gt RE - %:(??iyvé:e gie can algg ke psed

the cartridge ' t esi to_expand.to the
drill hole wal ?g’wg%‘%g%tt 91?%3-?9%%)?%8? gé%uas‘{%he\%ﬁ& %Sgﬁggh%ﬁrﬁg‘?‘é%‘éﬁﬁgeblf
expl osive pro t : L@m | Lrectl n h ory. . n

expl pr g;a%%g%g@as&be aattpgade ¥hén e %fo#!?ébé&/ Ry the o
any fractures cagtwidgeotisi GSUARYY Blokentvikefotite idde of Mie UM U

of expl osive product gases nmintains the gas pressure so that the gases

act predonm nantrhptugesoremd @epapradesurizxem tthe desdy edf coher elared-ildgrctas es,

such as a penetrating-cone-fracture originating at the stress
the stemming bar recoils out of the hole (the body of the

cartridge is held againét the drill hole walls by the high-
pressure explosive product gases and cannot move relative
to the hole). By firing out-of-battery, the recoil
velocity of the stemming bér can be reduced and the out-of-
hole displacement of the stemming bar can be delayeqd, -
giving the high—pressure | explosive product gases
significantly more time to act on the hole bottom and drive
_the desired controlled fracturing to completion.
Performance Comparisons with Other Small-Charge Methods
Figures 3, 8 -and 9 illustrate the SCB-EX process.
Figure 3 shows the system before detonating the explosive.
Two possibilities are envisioned for the behavior of the
rear of the cartridge. 1In the first case, shown in Figure
8, the tapered base plug reco_ils with the stemming bar and
the wé.lls of the cartridge are held against the drill hole
walls by the gas pressure. In this case, there is no
leakage of explosive product gases out of the rear of the
cartridge. The front end of the cartridge is fragmented,
.and the hole bottom is exposed to the full gas pressure.
In the second case, shown in Figure 9, the wall of the
cartridge near the base plug has been ruptured. The high

pressure gas has forced some of the wall material and the
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concentration developed at the bottomof the hole. It is inportant to

pr event hotggﬁses fromescaping up the hole around the steel bar. Such
gas escape 40te, by a small amount, both the press®E/UNGH2749

volume of gas available for the desired SCB-EX controlled fracturing.

Al so the escapfhgedabaskctpl dideheirte hehet gARI hgtWgernh\the osvenning beat
transfer erosion_processes. As nof ed bqve, the escape of gases past the
‘reusabl e stemmfRY BB% wakls 1Rf iy g ge8haPRYcFusEhatelpakagen
the bar and the hole wall,.Cal cul ationg wth finite difference _code
ndi cate thar S5 SARUPARECERS, SREURGRS bal | AR ¢S Sife n LS eRRLs of
di aneter drill I hhl q Vo N, 1} Z € e | gh- pressure
diamter dri 1| cho! Aot YRS il L Eobol o 30D SHlo LT BESHT S
a sliding conigabsBase PhHBek) t RMiCH t rhdge BHChaddanthGWbYs" Siﬁuffécﬂ
and 5. In these enbodi nents, the cartridge conprises atapered wal
section with afofghteiscal heximgi ornwierousoniprd-exiLEting anfhracasal
sealing plug of mating conical shape which can nove inside the conica
interior wall ©@fheiteisarthedgperation tde theesyisngnbars rehei bameutaHfih he

hol e by the pressure of the
" Figure 8.

Figure 10 illustrates the pressure history in the hole
bottom as calculated using a finite difference computer
code. This code models the detonating explosive in the
cartridge, the recoil of thé stemming bar, the leakage of
gas past the stemming bar and the evolution of a typical
fracture volume. Figure 10 shows the hole bottom pressure
for the caée when the rock does not fracture, as might
happeﬁ when the hole is drilled too deep. The calculation
includes the recoil of the stemming bar and some gas
leakage past the stemming bar.

The calculation has been made for 200 grams of TNT
explosive which is initially decoupled from the bottom of
a 89-mm diameter drill hole. There is a moderate shock
spike driven into the hole boﬁtom.by the explosive products
rapidly expanding across the initial 30 mm gap that
separates the charge from the hole bottom. The pressure at
the hole bottom begins within 25 microseconds of initiation
of the TNT and oscillates rapidly in the small volume
available. Bar recoil and gas leakage cause the average

pressure to decay over time.
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gases, the basal plug can follow and thus nmaintain a seal

- 20- WD 97/ 06402 © PCT/-US96/ 12749
agai nst the 44§ product gases for a time |ong enough toP%q.r,ﬂ% he
controlled hm-b@@t“yomfracture process. The amdunt of recoi 9‘3{1‘%75%

d i t he ol bottom

during the tige th is .d h
and the  17agnent afLaHo8r :LREEPREKERS BOAEI EOECPANGEC BRERoFaR fhe FRM

about 5 nmto 5 i ra o] u 0 ta..4 nd t
preferably fromggggraijt %%#?%QZO&%réé Tlgé}grrt&?%t 0 ]r(ec%ﬁ%'ég%% rram}?\?
controlled by thaiculBeibhakinBRf8esl thie relcdTT E ke ss)@éneﬁaﬁg?db&?,e some
pressure hi story devel oped in the hole bottom For either

cl ose-coupl ed ogadeckrygitase SERsEX ther geemmdorf | baratammh, firhecane evBghweem
the cartridge base and the wall of the cartridge body in which the base

may nove  duri apenangi wprathgdwe hodfee balyitpnt.r oAsapoupatredegoethe gpitéssure

degrees, nore preferably from about 2 degrees to 8 degrees
history of Figure 10, the pressure in the hole bottom

decays more rapidly in the latter part of the pressure
history because of the evolving fracture volume into which
the high-pressure gases flow.

Figure 12 shows the gas distribution history for the
case when the rock breaks. The distribution tracks the gas
remaining within the cartridge volume, the gas leaked out
of the base of the cartridge (assuming imperfect sealing
action), and the gas injected into the hole bottom and the
rock fractures. In this calculation, the base of the
cartridge is assumed to have.ruptured after 2.5 mm of
recoil and the gas leaks out the gap between the stemming
bar and the drill hole walls. After 4 milliseconds, 45
gramg of gas remain within the original cartridge volume,
18 grams have leaked past the stemming bar and 137' grams
have been injected into the hole bottom and developing
fractures.. After 4 milliseconds, the £fracture has
_propagated over a meter and the rock has been effectively
excavated. From the perspective ;of gas leakage, this is a
worst case situation since the gap between the stemming bar
and drill hole walls is assumed to be wide open and not

blocked by any cartridge material or a back-up metal

sealing ring.
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and nost preferably.fromabout 3 degrees to 6 degrees. The wal | of

t he cartridgqﬁésahgjn at and near the hole bottom It should be thick
enough to w tHeOXM*%ne process of inserting the cartridge | ROVSBAZTHY |

hol e. But it shoul d be thin enough to fragnment when the expl osive
charge is detonat edfistirgs 1Bosheweecthe hpdgnbetiomapyessemaeyforo thepldige
the fractures initiated at .t he hol e bottom corner. For ~eit her

cl ose- coupl ed oPfd@cEapPLgd serarge Wheydhe Xadk hxeakson, This dhilustaatesf
the outer cartridge housin wal.l adjacent t.o.the hole battomanges
preferably from® %%glutsi_(f%qﬁn?}boé‘ n‘ﬁ?lﬁ%rgrﬁygper’ﬁﬁcﬁ/ 'ia?eon?% BuPFEPH .nm
to 4 mm and nos f en f t s . be
desirable to deg?gggngic ggﬁ%ﬁ??t égbgg?%éyggb%%gid@@d dlthr%ﬁis pulse,
-21- WO 9he064@8ct is to create microfractures at the igsgg£$%%49

cartridge to ensure that it fragnents when the explosive Is etonate

The expl osive ch@hgeinithadsshbonspikéi Yhr €hid 8a8eSwould be expected to
create substantially more microfracturing than the case
depicted in Figure 11.

Figure 14 shows the hole bottom pressure history for
the case of a propellant based Charge-in-the-Hole system
such as embodiai-in U.S. Patent No. 5,308,149 entitled
"Non-Explosive Drill Hole Pressurization Method and
Apparatus for Controlled.Fragmentation of Hard Compact Rock
and Concrete”. The calculation has been made for 250 grams
of fast-burning propellant in the same-hole volume as used
for the preceding SCB-EX calculations. This pressure
history can be compared directly to the SCB-EX pressure
history shown in Figure 10 where the rock does not break
and bar recoil and gas leakage cause the average pressure
to decay over time. . The - principal difference is the
relatively slow rate aﬁ which pressure builds up and the
absence of any strong shbck spike in the propellant
example. In the propellant case, there is substantially
more recoil of the stemming bar before pressures build up
to the threshold where fractures begin to initiate.

Figure 15 shows the hole bottom pressure history for
the case of a prdpellant based Injector system such as

embodied in U.S. Patent No. 5,098,163 entitled "Controlled
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I s detonated and consunmed before the influence of the cartridge walls can
be felt. Therefore, the design of the cartridge is determ ned by other

factors butwqﬂ;.,,mopny consi deration of the detonatjng conbpsirhgespir4é he
expl osi ve char ge. This is contrasted to nmethods i nh which non-

detonating propellants used. .The cartrid i e t hod nmust
be designed THRChrETi %%hgarré‘m? nF‘PP?FaEqun |rn25n%%%§%%ga?l%§% tﬁgmpact
propellant 0 fULR BLAPnCAURd OuarlPEaliEPl M ol CoatER1al iU AL el
addi ti onal design requi renent for the cartridge. Figure 4 shows an
SCB- EX cartri dgeqdeet I ggionChrdh80 of  tfhstiputhaly epeopblibacst eAM ¢ige
bar; a tapered base plug that can slide within the cartridge wall; an

expl osi ve cheédibuéPdbni Ghembee- oFUMHHEE dastirwjdotier bot Thy same Yo tsmal
relief volume to control the |ong term average pressure of the expl osive

products; and bobackralmmeet 4t ussdl iasy pead ifex h&heyeprecadingr tSCBHEX
wal | ruptures near t he base pl ug. Figures 5 shows  an SCB-EX
cartridge geopteylathenrsdi ngThie PFRFTHE cRASEPTYheCRR R nFIRared
tapered base giygcé{]}éttga{]hglsigf-ﬂ( t;:ro}i-ensst@ree Cha{sttrciazqueshméav&rl ;inar]Figure 10
where the rock does not break and bar recoil and gas
leakage cause the average pressure to decay over time. The
principal difference is the gas injected into the hole
bottom blows back up the barrel of the gas-injector and-
causes a rapid loss of pressure at the hole bottom even
when‘the rock doeé not break. 1In the Injector method, the
propellant gases developed in the combustion chamber must
expand down the injector barrel to reach the bottom of the
drill hole. When the high-velocity gases encounter the
bottom of the hole, kinetic energy is abruptly converted
back to intermal energy and the gas pressure rises
abruptly. The pressure wave reflects Dback into the
injector which, in effect, represents a "major leak" to the
maintaining of pressure in the hoie bottom. There is also
an absence of any strong shock spike in the propellant
.example.
Figure 16 shows the gas distribution history for the
Injector case when the rock breaks. The distribution
tracks the gas remaining within the gas-injector volume,

the gas leaked out of the hole bottom past the seal at the

muzzle of the barrel, and the gas injected into the hole
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expl osive charge that is de-coupled fromthe hole bottom an internal

relief vol urr}vgchg&gﬁzrol the I ong term average pressurse of Eg%(%gég%sll“\%

products; an up net al
97/ 06402 PCT/ US96/ 12749 sealing ring

in the event theoktemr atde thel |roakpt frastuees. t REteases pmadlisecondsFighir e

6 shows an alternate SCB-EX cartri dge geometr i ncl udi ng: the downhol e
end of the-sterPFFRPPER O thepbrdg Pop §E"p?-ﬁé Frams @ 395 e ithivi thia

cartr1dge vl | e safXBhoRLYe: chatgant 130 o3P UEL A ot 0l

long & er m aver age: prosaufl i A Sl ber TeiReed 10t he bl o

seal i ng i ng i odtoeY aiid t velcind d4-aetthiregipt ur Q%j NQRS gl h%iﬁgse tleug-

The SCB-EX cartridge may be destroyed in one shot. The end of the

stemm ng bar | sfxaqmasss tave GeEd @Priophgated to the surface and the rock
has been effectively fragmehted. The principal observation
is that 145 grams of the initial 380 grams of propellant
gases remain in the gas-injector after fragmentation of the
rock has been completed. This gas then must empty out of
the gas-injector and is a principal source of noise and
fly-rock energization.

A gooa comparison of the Injector, CIH and SCB-HE
methods may be made by evaluating the integrated pressure
history (impulse) at the bottom of the drill hole in the
case where the rock does not fracture. In this comparison,
recoil of a stemming bar (mass of 772 kilograms) and gas
leakage are included but no evolution of fracture volume is
allowed. The impulse is computed for the pressure acting
on the hole bottom for the same time duration (about 4
milliseconds). The results are shown in Table 1. It is
seén that the CIH and SCB-HE methods deliver about the same
impulse to the hole bottom and leak comparable amounts of
gas. The SCB-HE process achieves this with 50 grams less
charge, primarily as a consequence of the higher ratio of

specific heats of the explosive productsg (y=1.3) compared

to the propellant products (y=1.22). The Injector method
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pressure pulse simlar to that generated inside a propellént-driven gun
and, if protected such as by the sacrificial tapered base pl'ug and by the

shock isolaﬁbggmgézthgap between the |ower end of the Cartrig&?nﬂﬁéﬁwgﬁg

t he upper en e explosive, is unlikely to sustain damage ver

| arge nunmber qQf . firings.. Even if_the end of the stenm ng bar adjacent to
the cartri dgeirbiUaRagSoPEbRFRPREY 165 R (HREuTRe | €th 8] AikAnaptiakie,

| ow cost operat.j 0 I or repair the danmaged end. The
cartridge cang%%ggﬁ%e??%%sgﬁﬁ%g?he hole in a nunber of ways. The

cartridge canthe ;&5&hiLi&id hire A ea%ahgathysbviﬁe!a%wﬁﬁgc%éw 1O
pneumati cal |y by Inserting a flexible tube and bl ow ng the artrlébe to
the bottomed ERachake Byda ewIWesFredtiire SHsI e W tPhd reBLESEU G e

differential on the order of 1/10 bar. The
- 23- VEh&Wh 0640Table 2. The fracture volume model usPEThdSREn12749

cartridge can also be inserted directly by attaching the
assumes that the fracture propagates at a constant velocity
(350 m/s) once the fracture initiation threshold is
exceeded. Thus the fracture propagates about 1.25 meters
in the 4 milliseconds that the pressure is applied and this
is considered sufficient to éomplete the rock fragmentation
process.

The effect of the shock spike generated in the SCB-HE
method on rock £fracturing is not included in the
calculatiops. However, the peak émplitude and short

" duration of this shock spike in the HE-coupled case is in
the proper range to induce substantial microfracturing in
the region directly below the hole bottom.

Features

The primary features of the SCB-EX method are:

1. Pressurizing only the hole bottom with pressufes

high enough to break hard rock.

2. The controlled use of detonating explosives és an

energy source.

3. A means of dynamic sealing of the hole bottom

until the rock breaks.

4. A means of creating microfractures at the hole

bottom only
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cartridge to the stenmng bar itself. Stemm ng and Sealing The

principal. whi ch the gas-pressures are contained at the hole
bottom unti |l &gﬂ?éﬁd by the opening up of controlled fract FICTLUSS6 énw

t he massive inerti al stenm ng bar which bl ocks the flow of gas up the
drill hole excepthfdre¥ sh@rtureak 9fat ket Wé@alihsharsﬁm nepdrhrarided

the drill holg walls ThIS LS |IIus£ abed in Fi ures € %} 7 whi ch show
two variation B§ the enlg’f’h%a ft %éﬂéﬁﬁﬂﬂlﬁr‘*ﬂ'@éﬁi

h I f | f

arii1 hol'e i n® 9%%’%‘23%&373 d(r)1 P%%%é?gﬁ éé-'%h%\‘g é%?o%%ﬁm“a’ane ih%ﬂlﬁ?eo 5
f b

about 0.1 m %@Q‘p\ﬁefntom:é Oyémgﬁﬂs srral Iﬂl eakage cagl% %ur er cé‘d qu

about 0.1 mmto O.

design feat b&%&]ﬁfngt RpepetiQfid/e CANBRLBNAY ke tfdAderangs Of:h&h?netho
stemm ng bar. The cartridge may be designed with a tapered - which is
t hi cker near eantheapgsaratuzy 1:arthatd they shay [be | usedpeﬂmdai&&%k IOJ:I W ch
can slide within the cartridge walls as the stemm ng bar recoils. ThIS
type of seabptgrméEdAdrdshrdas .r educe the possibility for premature

An important feature of the SCB-EX process is the
elimination of crushed rock which is a primary source of
dust. Excess dust requires additional equipment and time
to control and can, in some tYpes of excavation operations, .
lead to secbndary explosions which are a safety hazard. 1In
the configuration shown in Figure 3, the only portion of
the drill hole exposed to direct detonation pressures is
the hole bottom itself which représents only a small _
portion of the total hole surface area.

Components of the Syvstem

The basic components of the SCB-EX system are:

= boom assembly and carrierx

. drill mounted on the bdom assembly

- the cartridge magazine and loading mechanism

u the stemming bar and explosive ignition mechanism
» the cartridge and blasting cap

= the main explosive charge

The basic components of the SCB-EX excavation system
are shown schematically in Figure 17. The following
paragraphs describe the envisioned characteristics of the

various components.
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cartridge rupture and | eakage of explosively generated gases. A sealing
mechani sm on the stemm ng bar nay al so be used to obtain better or

conpl ete se r the hole bottom The confinenment_ of t
hi gh- pr essu?&bgg@g@gto the hole bottomis realized by the pré’ 9%2749

interaction of the inertia
97/ 06402 The Boom Assembly anqb@mmrlrzmg of the

stemm ng bar which mininzes the reCO|I %#% $E , of the cartridge, the
expansi on of the cartfiTEFYT PAY P& 2Py § Wining, G CORFEIFIGHENd a

Il cl he hol |
ach “near |y GETH e THe Becf Y AREIL et it Bl i
during the brlx%orﬁlagsé&.bi@k% ‘toon! 4580fo1 105 OPAHL Y] CQPRIELE Gor

controlled fracture. he tip of the stemm ng bar | ustra
Figure 6 (alsimfthe SHEMS slytwpel NriindWesS haditdwd) vleindeﬁiﬂﬁ% @nd
| ocate on an abrupt step of a stepped drill hole to avoid crushi'ng the

SCB- EX cartri dgel itkhey toperdt iidies ,Stsaueh ngs barenching, fighting position

construction and demolition charge placement, may be built.

The boom assembly may be comprised of any standard
mining or construction articulated boom or any modified or
customized boom. The fuﬁction of the boom assembly is to
orient and 1locate thé drill and SCB-EX device to the
desgired location. The boom assembly may be used to mount
an indexer assembly. The indexer_holds both the rock
drill and the SCB-EX stemming bar assembly and rotates
about an axis aligned with both the rock drill and the SCB-
EX stemming assembly. After the rock drill drills a short
hole in the rock face, the indexer is rotated to align the
stemming bar assembly for ready insertion into the drill
hole. The indexer assembly removés the need for separate
booms for the rock drill and the stemming bar assembly.
The mass of the boom and indexer also serves to provide
recoil mass and stability for the drill and SCB-EX device.

The Rock Drill |

The drill consists of the drill motor, drill steel and
drill bit, and the drill motor may be pneumatically or
hydraulically powered.

The preferred drill type is a percussive drill because

a percussive drill creates micro-fractures at the bottom of
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illustrated in Figure 7 is designed to |locate on a snoboth transition

section bet arger di aneter upper portion of the dri Iﬁ) and
the smal | ermﬁﬁgﬁ%{?@?&l ower portion of the drill hole.: This t %Bﬁlf’%@rz?ﬁ
hol e can be formed by a special drill bit assembly. The stenmm ng bar S

inserted into tHRe dr‘f‘ﬂlhol}éohﬁd Y’hécbapéFéd &sct |16’ﬁ-tla§éalls dprinest afered
section of the drill hole to for |n|t|alr%+§/arﬁg eal r the

hi gh- pressure JoEREETHARIFI0e "’tf'et?'}b‘?%t ed iTPEHE hol ?}B‘P‘F m ST heChhigh
pressure gases Jﬁiﬁl%alu }.ffs #ﬂg erg @gédtglégcml Egls openi n%%ug a

gap between t hé"% apere seCtion o hé& st enmi ng

section of the yiddn ey ?heThﬁ)lteaHfarf(i:%tﬂd)Q)é)fspeé rlﬁh%; iddn {ﬂf?ﬂédl €S __

sensitive to chipping an i nperfections in the rock
stepped drill Rotdmotes WHe arors oMpe igF HiwHd®teret, 5 and 6 and thus the

devel opnent of the gap and the | eakage of high-pressure gases can be

better control |$ithndard drill steels can be u@éd and these can be
shortened to meet the short hole requirements of the SCB-EX
method.

Standard mining or construction drill bits can be used
to drill the holes. ©Percussive drill bits that enhance
micro-fracturing may be developed. Drill hole sizes may.
range from l-inch to 20-inches in diameter and depths are
typically 3 to 15 hole diamete_rs deep.

Drill bits to form a stepped hol_e' for easier insertion
of the stemming bar assembly may consist of a pilot bit
with a slightly larger diameter reamer bit, which is a
standard bit configuration of fered by manufacturers of rock
drill bits. Drill bits to form a tapered transition hole
for easier insertion of the stemming bar as;sembly may
consist of a pilot bit with a slightly larger diameter
reamer bit. The reamér and pilot may be specially designed
to provide a tapered transition from the larger reamed hole
to the smaller pilot hole.

For the stemming bar configuration in which the
transition from the reamed hole to the pilot hole is

tapered, the angle of the tapered section of the stemming

bar ranges preferably from about 10 degrees to 45 degrees,
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Si nce the downhol e end of the stemm ng bar fills nobst of the eross

section of ' hole, it provides adequat e seal i ng of Hgﬁ,

pressures g%?ggééthi by the propel | ant --charge. When t he 6‘8@?11%4‘?

Is initiated properly and burns quickly to_.its peak design pressure,
only a smal | floxa BFeberabply pfspn| [EhautyakesdegEgge 9 t4 degxpelsetamstn
the stemmi ng bar_.and the dr.ill_. hole walls. This residual gas |eak,

al though it dSSSHET %&é’f Fromyahattfe 15 A99R88%r%° i 1P (ROIRAS- bot t om
can cause danmage t ﬁﬁg r shots. Design
of high-pressure.gé%agea i%% ed@%?ggé?%%gé?ﬁ%£§a$§??§§£eﬁe§%2818w downhol e
end of the stemi neraigceAky AHETidges AriesARRd 18 LeRhdud neeakPQs Of
expl osi ve product gases. In addition to or as an alfernative to the
sealing and nE@herONdRI BAEBmMRING\Uider dygdfinehgbge LArditSD62d8d qun

descri bed above, sealing nay be provided at the cartridge end of - the
stemmi ng bar The Aoppdisly meehandbm ieaki sjandardhmeghanicalic Hewdcé dalks,
O rings, unsupported area seals, wedge seals, etcetera may be enpl oyed.
The seals niptEdeves acearchéfgei from the Magrpineg amd dgserts it into
preferably, trt]:%esedz.%clisl.l yolbéa. re'lrjﬁg blst(.a:'emt\t/\vi}gg tbg\% %’eisrg%:ri)i)ed below may bé
used, as a sub—compdnent of the loading mechanism, to
insert the cartridge into the drill hole.
The loading mechanism will have to cycle a cartridge
from the magazine to the drill hole in no less than 10
seconds and more typically in 30 seconds or more. This is
slow compared to modern high firing-rdte gun autoloaders
and therefore does not involve high-acceleration loads on
the SCB-EX explosive cartridge.. Variants of military
autoloading techniques or of dindustrial bottle and
container handling systems may be used.
The average time between sequential small-charge
blasting shots ranges preferably from about 0.5 minutes to
10 minutes, more preferably from about 1 minuﬁe to 6
minutes and most preferably £from 'about 1 minute to 3
minutes. The loading mechanism will be required to move a
cartridge from the magazine to insertion in the drill hole
in a time less than the above shot cycling time.
One variant is a pneumatic conveyance system in which

the cartridge is propelled through a rigid or a flexible

tube by pressure differences on the order of 1/10 bar.

~-38-



sealing function i.s provided only by the stemm ng bar, the design of the
cartridge Lnplified considerably. An SCB- EX cariridge and
st enm ng bm&%@ readily inserted into a hole wiith such é‘ﬁﬂp 96/12749

cl earances by drilling a stepped drill hole with a |arger-dianeter
upper-portion section,The StempincBay iandiRjgrias Measthandawl e.
- 26- WD 97/ 064Q2 PCT/ US96/ 12749

~ Hol e sealing can bgh&§_sii§t &t %?onﬁpﬁa‘i“ﬁ?ﬁgnﬁef’ﬁhtu’cear?r?ﬂ?é‘? eHi¥RAthon -
et et 7 4 sy SobAeuc Blbe ate el SR ot .,

igniting the pFope car Thé ste

accelerated b r i r | SRR ; ' o]
nove t he bo})‘:%h??ngg?%iqe?ﬂ» o(r%'ht%hgﬁ %%%%pparatx%%%b andyd'cct gﬁﬁg?g

neans that ar@navapteides prifagyerdedlimpr ofS thaicgabesatiad t@ed NEIQCITY

directed towards the hole bottom which 1's conparable to the oppositely

directed recobbttom by blocking off most of the cross-sectional area of
the hole. The stemming bar can be made from a high-
strength steel with good fracture toughness
characteristics. It can also be made from other materials
that combine high density and mass for inertia, strength to
withstand the pressure loads without deformation and
toughness for dnrébility. Alternately, a high-strength
steel stemming bar with a non-metallic end section can be
employed. This end section can be made from a high—impact
material such as urethane to help isolate the main stemming
bar from occasional high-pressure overloads.

The stemming bar is-attached to thé main indexing boom
mechanism as illustrated in Figure 17. The stemming bar
typically extends well into the drill hole. The stemming
bar makes firm céhtacﬁ with the explosive containing
cartridge to provide close proximity for the electric
blasting cap or other explosive initiating method and to
confine the cartridge at the bottom of the drill hole as
the explosive is detonated. The diaﬁeter of the stemming
bar is just less than the drill hole diameter, enough to
provide clearance for the bar in the hole. The stemming

bar contains the firing mechanism for the explosive

-39~



velocity induced by burning the propellant. These velocities are

on the order of 5 to 50 feet per second. The pre-firing-accel erati on nust

be sufficie j eve the desired velocity in a short di t he
v Pty PN€v6n sy

order of of a hole dianeter (an inch or less in a 3-
"firin out - of -battery”

di aneter hole), ThLa technjique i_g neferreqlto.as g C
and i s sometinB8TERBPEFed | FRtRe fdFAPT: iMAFRAESH PE¥ Rfsel8cErdgad raxoi
forces. oﬁ%ggﬁltgg £§ﬁ8£ oXelocity of the SCB- EX appar at us pl ays an
important role Tn the holé séaling process, it is desirable to mnim ze

recoil velocity. Th 'y 5 0 +- : chid c i sh
y Badi i ORaPWeDl ing ABHLSLY thecldg |%€Qrﬁ1%§%‘[°§§ﬁ'ﬁ que

this. Alternatively, if recoil veloCity 1s accepta
can be  enpl oyeeduotrgdusee hilg HECHrbviAES. at NthEecREBrEdgaebiador tiHae -
SCB- EX apparatus serves as a |large part of the recoil mass and thus the

wei ght of the speemings bay. be raducedf séweghl reduvenhohonalan sie@lankant
goal since the carrier and boom can operate nore efficiently with less
wei ght  assoctethkeignes, t saclr i #$ Ihpesdm .EXOappagat: ugnsupported area

- 27- seals et cetera, may be employed. The additional sealing
would serve to further limit the undesirable escape of
explosive product gases from the cartridge and the bottom
of the hole. Additional sealing of the explosive product
gases may be achieved also by accelerating the stemming bar
into the hole just prior to ié‘nition of the explosive
charge such that the inertia of the stemming bar into the
hole provides additional forces against the displacement of
the cartridge out of the hole and the consequent cartridge
rupture and loss of high-pressure explosive product gases.
The SCB-EX Cartridge and Initiator

The SCB-EX cartridge is a major component of the

present invention. Its function is to:

n act as a storage container for the solid or liquid
explosive
L to serve as a means of transporting the explosive from

the storage magazine to the excavation site

u to protect the explosive charge during insertion into
the drill hole

u to serve as a combustion chamber for the explosive

n to provide internal volume to control the pressures

developed in the hole bottom
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The firing.out-of-battery techni que can al so be used to assist the

seal i ng operéY?3Hmﬂﬂ%n sealing is provided by the expl osi v&CTANATH e
The seal provided by the cartridge is usually broken when the base
of the cartridde  tumrptectirthecpapiceiver gharge [forbm ofatdre iar ar mdge
as the stemm ng bar, recoills out of the hole (the body of the '
cartridge is held a§HPH§thPH€ drill hole walls by the high- pressure

| osi dyct d t elative . to_the holg). B
i Ting out ot - Mot ory, PRGEE 0Bt | SBLRpLRaC ey sn ot daalRkachy Shemcamvoe

reduced and the out -@Qf. I Lspl ' bar can be
del ayed, gi vi ng ég%ﬁgg'ﬁ?%ﬁ%pggégﬁ?%%&ggkﬁﬁﬁé%@% %&%g%%ﬁ%F < §§§@§
significantly wore kg dh@viaele oratf&é)aiy bosd DIRANnébhyCism t BSdeghLed
controlled fracturing to conpletion. er f ormance Conparisons wth Rer
Snal | - Charge Met hodexplosive prgduet Jas8sang fhel éxplosieet 8 §EBoEXted
process. Figure 3 shows the system before detonating the expl osive.

Two possibilities ade ¢hei drehédhblde.t he behavi or of the rear of the

cartridge. In the first case, shown in Figure
In addition to containing the explosive charge, the

SCB-EX cartridge as illustrated in Figures 4, 5 and ¢
contains excess internal volume to control the average
pressure in the cartridge to the desired level which may be
substantially less than if the total cartridge volume were
filled with solid or ligquid explosive.

One of the main design criteria fér the cartridge is
to provide proper sealing in the drill hole for the
detonating or explosive product gases under controlled
conditions. The cartridge may be dgsigned to seal adjacent
to the stemming bar, around the drili holé walls. This
will prevent high-pressure gaées from leaking between the
stemming bar and the walls of the drill hole, and better
contain the high-pressure explosive product gases in the
bottom of the drill hole. A simple cartridge design with
features to ensure proper drill -‘hole sealing and
containment of the explosive product gases is shown in
Figure 4. The SCB-EX cartridge must have a combination of
the proper geometry and the proper material properties to
prevent premature cartridge rupture, which results in the

premature loss of propellant gas pressure, which, in turn,
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8, the tapered base plug recoils wth the stenm ng bar and the wal | s of

the cartridge are held against the drill hole wal | s by the gas pressure.
In this case, there is no | eakage of expl osive product gas he
rear of the WOYUP?| dge. The front end of the cartridge is f?g.&ﬂgﬁf/g%‘é

and the hole bottomis exposed to the full gas pressure. |n_the second
case, shown i weBugese Shet heffiactivpnere oIcafkei ddeshrad t helpabetfpmg
has been ruptured. The high pressure gas has forced sone of the wall

mat eri al and cg@trolled-fracture process. _'g%g cartnifge; ogegagn

ey S o e R e E N T
ore b Ton 8 kbl asdiedebisy g bhasleily abgones il
advant ageous igluOChoth ol RMilcN L e\ breviiEEhs pratfeexé SEalllure
fractures. O herwi se the operation of the systemi$ the sane as in
of the cartridge near the cartridge base. Wall tapers in
the range of 1 to 10 degrees are satisfactory, with tapers
between 3 and 5 degrees being preferred. |

The cartridge may be made from any tough and pliable
material, including most plastics, metals, and properly
constructed composites. The cartridge must be made of a -
material which can deform either ‘elastically and/or
plastically, with sufficient deformation prior to rupture
to allow the cartridge containment to follow both the
expansion of the drili hole walls and the recoil of the
stemming bar during the rapid drill hole pressurization and
controlled-fracture process. The cartridge may also be
made from a combustible or consumable material such as used
in combustible cartridges occasionally used in gun
ammunition. The preferred wmaterials are those that will
provide the required sealing and that can be made for the
lowest cost per part.

In the design shown in Figure 4, a mechanical action
is used to reduce some of the geometry and material
property requirements of the first cartridge design. This
SCB-EX cartridge is constructed of a pliable sleeve and

basal sealing plug. The pliable sleeve is tapered to

provide a greater resistance to premature rupturing of the
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Figure 8. Figure 10 illustrates the pressure history in the hole
bottom as cal | using a finite difference conputer code. This code
é’?‘gﬁg{’&ﬁﬁ ’ 06 t He recoi |POHUPAI2749

nodel s the d expl osive in the cartridge,

stenm ng bar, the | eakage of gas past the stemm ng bar and the evol ution
of a typical cantywidge negirukts Pagarandotapnevide anl st farencesseat
for the case when _the rock does not fracture, .as m ght happen when t he

hole is drilledido thePasaheSeal tngaPily: Whimh jksalfie rapsredoi tThe
temming b d . |eak t he st enming par. Th
calcul ati on  hAESHocRISTARE FLYE FAP  BPancorSFLuried EEQI RYe ) id

cal cul ati on

Is initially deg : fr t 5 i JJ 1 hql.e.
There is a mdg‘%%;é?lg'dclfqmﬂ %Ssu %g r vée)"iflc‘l nat'gmté %%?egggicﬁlé)ﬁqj@'fef'he%he
expl osive prodgsleFerrdd@hhater £XPENErRY BidNSSthie iddd | BB JhdEN gap thd
separates the Charge fromthe hole bottom The pressure at t he hol e
bot t om begi ns VGicwaist 2osti peespattds Thei babhdl sealingoplule cONtadl{E the
oscillates rapidly in the snmall vol une avai |l abl e. Bar recoil and gas

| eakage cause bleshimcagmp opretbereindtdetey aeguitrer.to detonate the

explosive charge.

The blasting cap is located in the cartridge at the
end adjacent to the stemming bar. = Its function is to
initiate a detonation in the main explosive charge when
actuated by a command from the operator. Standard or novel.
explosive initiation techniques may be employed. These
include instantaneous electric blasting caps fired by a
direct current pulse or an inductively induced current
pulse; non-electric blasting caps; thermalite; high-energy |
primers or an optical detonator, where a 1laser pulse
initiates a light sensitive primer charge.

.An alternate cartridge design is shown in Figure 6.
This cartridge design is similar in construction to the
cartridge design shown in Figure 4. This alternate design
satisfies the general sealing requirements by providing a
base that is driven into the gap between the stemming bar
and the rock under the action of the explosive gas
products. The base also includes a means of shock
isolation to protect the end of the stemming bar from shock

transients from the detonating explosive. As with the
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Figure 11 shows the hole bottom pressure for the case ‘of a de-coupl ed
charge whe k fractures. The cal cul ation jnclude H:'ﬁ i Of ..
the stemm %bgzlro,[;&gorre gas | eakage past the stemmng bar Z%d ?%"??3‘?%

vol unme opening up _at_the hole bottom, As conpared_to t‘%)gcpressure,

hi story of FigthRer 15?Bt‘ EE preszdfgs Aeigy egg%t 6171 R hreing
idly in the |att t of ' o) .

bobl ving v aces SUSToREve £8 SORCRISEANE che ba08 dr MEAGRELI0E.

Figure 12 shows thg,gasedifidiuti RSt ofy ¥addl® int@Se WisTaddiec ) OCk
breaks. The distributiontracks the gas remai ning within the cartridge

vol une, the gpscdEpk@UopUheavyObapbe Badeatherhahdah! Hisdeurassd Mimdide
I nperfect sealing action), and the gas injected into the hole bottom and

t he rock ftletcteisridge red yisre atholextplorgive ehdrpee wigidity amdirtoi dge
I s assuned to have ruptured after 2.5 nmm of recoil and the gas | eaks out
the gap bet weeesitiowt dtniwighin the cartridge so as to decouple the
explosive from the walls of the drill hole.
The Explosive

Explosives rather than propellants are employed in the
present invention. Propellants deflagrate or burn sub-
sonically and pressure build-;up is controlled by the
propellant geometry; propellant chemistry; propellant
loading density; ullage or empty space in the cartridge;
and confinement of the cartridge/propellant system between
the walls of the drill hole and the stemming bar. With
this control, the bottom of .the drill hole can be
pressurized until a penetrating coné fracture or other
controlled fractures are initiated along the 1line of
maximum stfess concentration on the perimeter of the hole
bottom. The propellant gases then expand into the
fracture(s) and drive the fracture(s) deep into the rock
and/or to nearby free surfaces.

An explosive charge, on the other hand, detonates
which is a supersonic type of burning that generates strong
shock waves. These shock waves can be controlled and
directed to pre'ssurize the bottom of the drill hole in a

controlled manner so that the rock around the drill hole

would not be excessively fractured and crushed. By
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bar and the drill hole walls. After 4 mlliseconds, 45 grans of gaS'

remai n wthi (ﬁﬁd gi nal cartridge vol une, 18 grans have |l g ‘?ﬁ%g
t he stemm ng and 137 gr ans have been injected imto the
and developlng fractures. After | Ijseconds,, the fracture has

pr opagat ed overrﬁsﬁﬁfﬁFlﬁﬂd thie rese h8§ b%’éﬁ’ll%?lf‘é%'t i d& yis poesihled. to

F th f | eak rst I tuation

i nce the gap EarbEr8, i BebFAcd0 Sysiide  Brlarnrt ISt o W18 BobESn Hrne

to be wide openyghgngot Byb'%@g&mr@ytﬁ@ tééél&’@cx‘{?t B AL pe’ CA

met al seal ing ring. 30-

PCT/ US96/ 12749 charge, &toshg dBoskowsveBechal BebplboBhREAS $ohm Tl géé}ﬁag
case of a coupl ed charge when the-rock -breaks. This illustrates

nuch stronger stimekwabl&eofirthenhohéobbheohobe Bdretoted at\Whke Hdt@ich ise
little energy associated with this pul se, the effect'is to create
m crofractures Hhethelfolte anduse microfractures where they can act as

initiation sites for the main fracture.
The explosives that would be used in the present
invention may be solid, 1liquid or slurried in form.

Examples of solid explosives are:

u dynamites

- ammonium nitrate
a TNT

n Composition 3

n Composition 4

» Octol

Examples of liquid explosives are:
L nitromethane
L hydrazine

Examples of slurried explosives are:

L] ammonium nitrate/fuel oil

n water gels

B emulsions

n slurries

= mixtures of ammonium nitrate and nitromethane

The explosive may be sensitized so that it is vcap

sensitive" (able to be initiated by a number 8 blasting
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The initial shock spike in this case would be expected to Create
substantially nore mcrofracturing than the case depicted in"Figure 11.
Fi gure 14 shewgsondsgozhol e bottom pressure history for . the caseréssazr4
propel | ant based Charge-in-the-Hole system such as ‘enbodied in U S.

Patent No. 5, 149, .t ‘o - kv i ressurlzation
Met hod and %%%garg%ggg?obﬁ%ghfﬁbl %dgégggﬁgnﬁg{ﬁ%%égggkng 35%3%% Egbk
and Concrete". igHEcals Waid M1 2185 e didxifllosd® .gr ans of :
fast-burning propellant in the sane hole vol une as used for the

precedi ng SCB- EX ca'heulextploswive mahhi 14 dsswe ea agémtss cagdeantberegipar ed
directly to the SCB-EX pressure hi story shown in Figure 10 where the
rock does not Hhecakamouand bef r gosilc anbygpxoducikaige genegateke adaring

pressure to decay over tine. The principal difference is the
relatively sl GPURMEEIATwhi ch pressure builds up and the absence of any

strong shock i | pr opel | ant exanple. In the propellant case,

there is subs?ﬁﬁ%ﬁé#ﬁy&ﬂﬁ;nore recoil of the stemm ng bar before pressures

buil d up to the r I ref r eg, Qg ki

Fi gure 15 shows thél_t }{}oﬁeg‘{%&%td\g%%pgggéﬁgéghggf gfgl'n %%Frl'am % @%ﬁ% tpch as

propel l ant basgd 1l NhECtUnSHHL™haC Aty applications in the mining,
construction and rock quarrying industries and military

operations. These include:

m tunneling

" cavern excavation

m - shaft-sinking

n adit and drift development in mining

n long wallh mining

» room and pillar mining

u stoping methods (shrinkage, cut & fill and

narrow-vein)

n selective mining

] undercut development for vertical crater retreat
{VCR) mining

n draw-point development fé'r block caving and

shrinkage stoping

n secondary breakage and reduction of oversize
L trenching |

n raise-boring

u rock cuts

u precision blasting
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enbodied in U S. Patent No. 5,098,163 entitled "Controll ed

- 31- VP RadD? | | . ocThiiRed s
Fracture Method and Apparatus for Breaking Hard Conpact Rock

Concrete Nhterialsf.- Th& ca#cglation has been made for 380 grans of
fast-burning propell'ant TR CHE“*°?conbustion chanber of the gas-injector.
The sane bottom hgl e wgh {6 Mg asy for the precedi ng SCB- EX
cal cul ati ons. Thi s pressure "history can be onpar ed directly to the

SCB- EX pressure histwry pit benee vlhstindere the rock does not break
and bar recoil and gas eakage cause the average pressure to decay over

time. The pri.ncipml difderdne orealking gasd ivéwstiaty i i arddie fideries
bott om bl ows back up the barrel of the gas-injector and causes a rapid

| oss of pressure at ®Whe m¥nsthotctuinrewwh fighttiag (poeitdonsdans petrdongrk.
In the Injector nethod, the propel | ant gases devel opéd in the conbustion
chanber nust shﬁ&iﬂﬁ?(ﬁﬂ%?Q@&ainjector barrel to reach the bottom of the

= reduction of natural and man-made obstacles to
military movement
The general Penetrating Cone Fracture (PCF) breakage
mechanism for a small-charge blasting method using a
stemming bar to inertially contain_é cartridge containing
an explosive charge in the bottom of a short drill hole is.
shown schematically in Figure 1. A cafcridge 1 is inserted
in the bottom of a short drill hole 2 drilled into the rock
face 3. An inertial stemming bar 4 is placed in the hole
to contain the high-pressure gases generated by a small
explosive charge contained in cartridge 1. The gases f£ill
the volume 5 and pressurize the bottom of the hole 2 until
a PCF type of fracture 6 is driven down into the rock 7.
The fracture 6 curves-upwards toward.the.rock face 3 and
when the fracture 6 inte;éects the rock face 3, the rock
bounded by the fracture 6 and rock face 3-is effectively fragmented.
- An alternate breakage mechanism for a small-charge
blasting method using a stemming bar to inertially cdntain
a cartridge containing an explosive charge in the bottom of
a short drill hole is shown schematically in Figure 1. 2
cartridge 8 is inserted in the bottom of a short drill hole

"9 drilled into the rock face 10. An inertial stemming bar
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drill hole. Wen the high-velocity gases encounter the bottom of the
hol e, kinetic" energy is abruptly converted back to internal ‘energy and
t he gas prewidvBocadBES abruptly. The pressure wave r ef | petwsodDlo
into the i njector which, in effect, represents a "major |eak” to the

mai nt ai ni ng ogéﬁgg pgggsea%[rﬁ]%eh?ﬂo&eb%t eghtzlﬂﬁrt?héshféﬁ%res%grét%g%%g of

any strong sho ropel |l ant exa

shows the gasqgdhalbhiRuli 89 hkst gmarhor et:dib@.osmlenj eﬁia&rgeca&ﬁ;rywihé&le fRCkK
br eaks. The™di stri bution tracks the gas remaining within the

gas-inj ector vakdfidge 8t heThasgheakedidldt tiie vodume abaridrpressutife sea
at the muzzl e of the barrel, and the gas injected into the hole

- 32- Woché/ etddm of the hole 9 until pre-existing fraaTlxné3961312749

bottom and the rock fractures. After 4 mlliseconds of pressure on the
hol e bottom 2%8 §uarhest egiendefailnty ttheh rock ntd gas ThE fdasiturgan3 61

rans have | eaked out of the
g curve upwards toward the rock face 10 and when the

fractures 13 intersect the rock face 10, the rock bounded
by the fractures 13 and rock face 10 is effectively
fragmented.

Figure 3 shows the SCB-EX system positioned in a drill
hole prior to firing. A short hole 15 is drilled into the
rock face 16 and a cartridge 17 is inserted into the bottom
of the hole 15. The cartridge 17 may be inserted by
attaching it to the end of a stemming bar 18 which is
prevented from crushing the cartridge 17 by stopping at the
step 19 formed near the bottom of the drill hole 15. The
cartridge base 20 is attached to the end of the stemming
bar 18 and may recoil with the stemming bar 18 under the
action of -the high-pressure gases generated by the
explosive charge 21. An explosiﬁe initiation system 22 is
located coaxialiy in the stemming bar and is used to
initiate the blasting cap 23 located in the base 20 of the
cartridge 17. A tube 24 contains the explosive charge 21
within the cartridge 17. Because the cartridge 17
contains excess volume 25, the SCB-EX metﬁod may be used in
either a gas-filled or a wéter filled hole. In a water-
£illed hole,.the cartridge 17 will displace most of the

water from the bottom of the hole 15. In this
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hol e vol une and 174 grans have been injected into the hole bottom and

devel opi ng V&égﬁb“ﬁfs. By this tinme the fractures havePéfnﬁﬁggr%ng
rag :

propagated to the surface and the rock has been effiectively

The principal gb ti |s that 145 f_the initial 380 f
propel | ant  CHRZAGUTANACH i FiiEnEBROBINFCEPOT IRt 20 1P SGHBHCA T RNt e

rock has beenggonpl et gd,+ L %flga‘éhéh%f(gﬁ.tﬁiae{pi'y g.'fxt 8:;'??,:5: tg:ﬁ drive a

gas-injector and 1s a principal source e an r Ot

ener gi zati on. gtrong sARROGHIXPHAEONRE FBEk! BECHDOHhd isbﬁegms‘&% Hhe
met hods may be nade by eval uating the integrated pressure I story

(inpul se) at hbkebaid ote Oknhificdr milcrdeHradturdiiey a€asheWiRstrddeokOG,Hoes
not fracture. In this conparison, recoil of a stemming bar (mass of 772
ki | ograns) anbodeslS.| eBeagbeateresultdedabuleasteabbuti 50%obLf thet wrea
volune is al l owed. The inpulse is conputed for the pressure acting on
the hol e botteh fthe Mrsespereion ofr dthenoveeducartridge ihewsimg) thathe
results are shown in Tabl [ seen that the CIH and SCB- HE net hods

del i ver about PRE3SEfe t eierﬁlfliﬂ%‘i‘—!‘t‘té%t fFeendllHofPBRASES Ith& esBpesives

anounts of S. Thg zSCB HE process each.i eves thits witp1 (I)lsgg%rrts: | ess

charge, primafPFyPRE SEESASRIENEE Bok e SR CFR: Pl he ‘nose
portion so as to best induce microfracturing in the hole
bottom in the annular region around the corner of the hole
bottom.

Figure 4 shows an SCB-EX cartridge 27 positioned at

the bottom of a drill hole 28 and held by a stemming bar
29. The stemming bar 29 is prevented from crushing the
cartridge 27 by a step 30 in the drill hble. The cartridge
27 is comprised of a body 31 and a tapered base plug 32 and
a back-up metallic sealing ring 33. The base 32 of the
cartridge 27 has a concave rear surface 34 to help locate
the stemming bar 29 to maintain an approximate central
alignment. An éxplosive charge 35 is held centrally in the
bése 32 of the cartridge 27. The explosive charge 35 does
not completely £ill the cartridge 27. The cartridge 27
also contains an internal volume 36 which allows the
explosive combustion products to expand and control the
average pressure in the cartridge 27. The explosive charge
35 is further contained in a skin or container 37 to give
the explosive charge 35 structural support. The explosive _

charge 35 is coupled closely to the bottom of the cartridge
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specific heats of the explosive products ([err]=1.3) conpared to the

propel l ant products ([err]=1.22). The Injector nethod
- 33- T WEDHE405402 . eI b5985748 749 .
delivers significantly less inpulse with a substantially greater charge

nass. The %hﬁru t kAN N | ' L OW . the raqc to
fracture and evo vgaf rbgctéﬁ\r,\gé\%%ﬁpn%aé %}zﬁﬁ}lﬁﬁégﬁé@“% (?wﬁ en%ﬁg:tﬁoé“ 2.
The fracture vl wie mdall 1eaé¢ Y .ei The BSse™s tbAtatAs hhaciW R rica

propagates at a constant velocity (350 nm's) once the fracture 1nitration
threshold i s coidxGeedeénlichlhies ¢dwnécaefuce pr Mlagatiery adit44. whidBt QS
in the 4 mlliseconds that the pressure is applied and this S

consi dered suifed ehe tiniwigiiet &heheeppdRsivegnehargeoB5pr @cesecond

The effect of the shock spi ke generated in the SCB-HE met hod on rock
fracturing is® SFtFﬁEPGdsalin‘*ghéS contained in the stemming bar 29 and

is connected to an external firing circuit (not shown). A
current pulse is generated in coil 41 and induces a current
in coil 39 which is sufficient to initiate the blasting cap
40. Thus the stemming bar 29 does not need to be in
intimate contact with the ca;tridge base 32.

Figure 5 shows an SCB-EX cartridge 43 containing an.’
explosive charge 44 that is not closeiy coupled to the
bottom of the cartridge body 45 but separated by a gap 46.
The gap 46 substantially reduces the peak pressure of the
shock spike driven into the hole bottcm 47. Otherwise, the
cartridge 43 is substantially the same as the cartridge
shown in Figure 4. The stemming.bar 48 is shown with a
step 49 to prevent the stemming bar. 48 from crushing the
cartridge 43. The end of the stemming bar 48 is convex 50
to help it align with the concave base 51 of the cartridge.
The primary means of sealing the gases generated by the
explosive charge 44 is the end stemming bar 48 which fills
most of the cross section of the bottom of the drill hole
52, leaving only a clearance gap 53 for the high-pressure
gases to escape. Further sealing of these high-pressure
gases is accomplished by the metallic sealing ring 54 and
ﬁortions'of the cartridge body 45 and cartridge base 55

that are forced into the gap 53 by the high-pressure gases.
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cal cul ati ons. However, the peak anplitude and short duration of
this shock spi ke in the HE-coupled case is in the proper range to induce
subst anti al WPO7H640Act uring in the region directly .bel ow t HRCTOE%6/12749
bottom Feat ures The primary features of the SCB-EX nethod are:

1. Pressurizing ongjgife Bolghdwd t ol VhldePhRE6URRSrsion of an 'B@LEx
enough to break hard rock. 2. The controlled use of detonating

expl osi ves as cartridge 56 whleheﬁxggosmmataes a shoclkd iscA amians m@‘clﬁﬂm C

seal ing of the hole bottom until the rock breaks. A

means of creatihghich ofs degianedittq Heelp| decouple the Sbgckortnmﬂsﬁent
- 34- WO 97/ 06402 PCT/ US96/ 12749

A key featudeneated by thel exehapive cRayg® #§edfrom the base plug 59
of the cartridge 56. Otherwise, the cartridge 56 is

substantially the same as the cartridges shown in Figures
4 and 5.

Figure 7 shows an alternate configuration of the down
“hole end of the stemming bar. A cartridge is not shown.
The stemming bar 60 has an enlarged tip 61 with a tapered
‘section 62. The drill hole has a larger diamecer upper .
section 62 that is transitioned to a smaller diameter lower
section 64 by a tapered section 65. This type of drilil
hole can be formed by a special drill bit assembly. The
stemming bar 60 is inserted into the drill hole and the
tapered section 62 seats on the tapered section 65 of the
drill hole to form an initially tight séal for the high-
pressure gases that will be generated in the hole bottom.
The high pressure géses will cause the stemming bar 60 to _
recoil, thus opening up a gap between the tapered section
62 of the stemming bar 60 and the tapered section 65 of the
drill hole. The tapered section 65 of theldrill hole is
less sensitive to chipping and impgrfections in the rock
than a sharply étepped drill hole such as shown in Figures
4,5 and 6 and thus the development of thé gap and the
leakage of high-pressure gases can be better controlled.
This stemming bar configuration can be used with any of the

cartridge configurations shown in Figures 4,5 and 6.
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fracturing nethod is the benign nature of the flyrock which al | ows
drilling, mucking, ground support and haul age ~equi pnent to renmain--at

t he wor ki ng WO&286403uri ng rock breaki ng operations. A se®STdUS96412749
feature of the nethod and apparatus is that they nay be used in either
dry or water filfFegubhel @9 depictsAanothett aatbddhterit of tis IRk
process is the elimnation of crushed rock which is a primary source of
dust. Excess cesttridge r @90adakddwdiaig egoi frhent predent nd nvend icont r olThand
can, in some types of excavation operations, _|ead to secondary expl osions
which are a safaryridger2f0 jimcludes aofpryifafiak SHovRLdge hags 20, @
only portion of the drill hole exposed to direct detonatioaﬂgressur.es S

the hol e bot t PRFEEEFRTRRLERS, HAUSTR s20ht v 38 SRS c%ﬁ?ﬁ‘_ ofIUFd- Bt al
nol e surface ayen. oo CBPIENLE St UEaSYShERbnarson TUBGRRRLCASQTPORG S

of the SCB-EX om asse carrier

drill mount ed @o. &g RAPMASSRBRYY 220 . includesn® (Bl dndlOoARdA IR R

oadi ng mechani sm the’stemm ng bar and expl osive 1 gnition

mechani sm 224 a bBeosahly dacuerdohl aYilN@2B3P and a conductor 232
for connecting the secondary induction coil 228 and the
detonation initiator 224. A stemming bar 236 includes
means for sealing the cartridge 200 in the hole 240 (i.e.,
the narrow gap between the stemming bar and the sides of .
the hole) and primary induction coil 244 in electrical
contact with the secondary induction coil 228 for
initiating detonation of the explosive.

The cartridge 200 includes a free volume 248 formed by
the outer cartridge housing 208, 'cartridge base 204, and
inner cartridge housing 212. The inner cartridge housing
212 further includes free volume 252 located between the
explosive 216 and the cartridge base 204. Free volume 252
allows the pressure of the detonating explosive to
attenuate by expansion to the point where it does not
overload the cartridge base 204 and transmit excessive
shock energy to the stemming bar 236. Free volumes 248 énd
252 constitute most of the total free volume in the bottom
of the hole 240. Preferably, free volume 252 ranges from
about 20 to about 100% of the volume of the explosive 216.

It is preferred that the total of free volume 252 and free

volume 248 range from about 2 to about 5 times that of the
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* the mai n expl osi ve charge The basi c conponents of the SCB- EX

excavation system are shown schematically in Figure 17. The foll ow ng

par agr aphs Wes¥H#06402 t he envi si oned characteristics of;the VBCTAIS96/12749

conponents. WO 97/ 06402

PCT/ US96/ 1274%0lume of the exﬂiﬁbf@@nhféSe”mﬁﬁeaﬂﬂﬂwﬂﬂﬁrﬁﬁirbféterablx
y

The carrier may be any standard mining or construction carrier
speci al |y desrgpeeseatsi éromoabontntli?ngd febout [H¥M el seld| Yyoosl boslume
assenbl i es. Special carriers for shaft sinking, stope mning,

narrow vein Of Fhey inpeyr camfiridas yhopringidhd; sdbe sum rehcthegfree

fighting position construction and denol i t | on char pl acement, may be
built. V‘Pptémﬁogﬁasgé”ﬁﬁl Yoﬂ‘ﬁfl‘ebé"‘*@onﬁq eofe’%g&i’ssit‘éﬁlc%lfﬁj equahs ng

or constructl iat ed. boom or %‘P:FD |tt_| edtor cust om zed boom The
function of t aeselBtYmes 363+ Bnt “And™Foc I3 t HEEREFREed by

SCB- EX devi cecaﬂsmgng gl Lgd1b8saki 9hs . ThAPIATIATRE Tl S, 08 USEE, t O

nount
free volume associated with the spacing between the outer

cartridge housing 208 and the surface of the hole 240
provides a further small additional wvolume to the overall
free volume in the hole bottom. -

The cartridge base 204 protects the reuseable, down .
hole end 256 of the stemming bar from permanent damage
du_.ring detonation of the explosive, contains part of the
initiator system, and assists in sealing the bottom of the
hole by occupying most of the cross;séctional area of the
hole. The cartridge base preferably has a yield strength
less than the yield strength of the stemming bar such that
the cartridge base experiences plastic deformation in
response to detonafion of the explosive before the stemming
bar. Preferably, the yield strength of the cartridge basé
is no more than about 75% of ;he'yield strehgthmof the
stemming bar. The cartridge base can be composed of a
variety of inexpensive materials, including steel,
alumim..tm, plastic, composités, and the like. The thickness
"tv of the cartridge base preferably ranges from about 0.5
to about 2 inches. The diameter of the cartridge base has

a diameter ranging from about 50 to about 250 millimeters
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an i ndexer assenbly. The i ndexer holds both the rock drill and the
SCB- EX stenm ng bar assenbly and rotates about an axis aligned with both

the rock driylo #dedzne SCB- EX stenmm ng assenbly. After the gofisssiiiabdo
drills a short hole in the rock face, the indexer is rotated to align the

stemm ng bar ass |y for ready _ingertion_into.th rill hol e. The

i ndexer. assenbﬁﬁgrgﬁ%vgs&Fﬁggﬁééﬂ'aéfmggﬁﬁrﬁéglo %%o%%ngo?r?ﬂegPSBE Qr P
and the stemm sserdl y. The mass of the boom and i ndexer al so
serves to prov?%ég%kwgb?rggﬁass and stability for the drill and SCB-EX

devi ce. The shape of tige RO&ktPLagE base 208hesedridd K@RStehs Of
the drill notor, drill steel and drill bit, and the drill notor nay be

pneunati cal | y eurpoagdr.aul Bgawhy pdfiesesinple, theTlhaterefexmdedsdridd tyee
is a percussive drill because a percussive drill creates mcro-fractures
at the bottom ehrtridge base has the same shapgsas the g®I025066492 the

PCT/ US96/ 12749 the drill hole which act as initiation points for
stemming bar 236 so that the stemming bar 236 can be
aligned with the cartridge 200 tc permit the primary
induction coil 244 to be electrically coupled with the
gsecondary induction coil 228. As shown, the preferred
shape of the outer end 260 of the cartridge base and the
end 256 of the stemming means is curved. The cartridge-
base is conically shaped where the cartridge base connects
to the outer cartridge housing 208. Accordingly, the
portion 6f the outer cartridge housing 208 adjacent to the
conically shaped portion of the cartridge base.is tapered
at the same angle as the taper of the conically shaped
portion of the cartridge base. During detonation of the
explosive, the conically shaped portion of the cartridge
base forces the outer cartridge housing against the sides
of the hole 240, thereby'séaling the cartridge 200 in the
hole bottom.

The outer cartridge housing 208 is cylindrically
shaped and seals the inside of the cartridge 200 from any
water or other liquids in the hole 240. As noted above,
the outer cartridge housing contains the £free volume
necessary to control the average peak pressure developed in
the hole bottom and thereby prevent overpressurization of

the bottom 223 of the drill hole. For best results, the
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penetrating-cone fracture. Rotary, dianond or other mechani cal
may be used al so. In these cases the bott om of the hole may

drills

have to be ¥¥R&76443 conditioned to

pronote the PCE type ofPGHESIGNRTAY

Standard drill steels can be used and these can be shortened to nmeet the

short hol e recquitenemdstofdddcrdiEinK showkd hfithgment wheth agier &bl

constr

may

3 to 15 hol e

easi er

AR b f L A 11 bits Dl
Form ot aper o0 THAEH | Of nal o Bl 0o et ald; dfqtiioite me

forma tapere
atgtlicg_ bit with a slightly larger dianeter

assenbly may a16igiun ¥

reaner

| 5 {}ge OF

uction drill bits can be used to drill the hol es. Per cussive drill
bits that enha&rtonatgsr ¢of rimhibing lamgedepdeceisopefl. ther i hbubbhg sizem

range fraom 1-jnch to 20-jnches in _dianeter and depths are

typically

LoRiING edipeding gas flowintq Fhe fractivemapendd for

I nserti,Qn of the stenmm ng_bar assenbly may, consist of a pilot bit
with a slight F&‘? aF‘é’éF %%%?%r re ﬁﬁr‘"‘%ﬁ*"f?’-’mﬁyﬁ{:’?@% S8 doppt be

bits to

5P ar

bit. The reaner anga'pl | ot may be specially designed to provide a
tapered transition ¥Heondikenkaoae! b€angEHehot&rrridge depend upon the

specific application. The wall thickness of the

cuter

cartridge housing preferably ranges from about 0.75 to
about 5 millimeters in underground excavation applications
and from about 0.75 to about 5 mm in surface excavation
applications. Preferably the nose portion 221 of the outer
cartridge housing located at the opposite end of the outer
cartridge housing from the cartridge base has a thickness
ranging from about 0.01 to about 0.03 inches in underground
excavation applications and from aboﬁt,O!Ol to about 0.03
in surface excavation applications.

The cartridge 200 has a maximum'diameter ranging from
about 50 to about 250 miliimeters in underground excavation
applications and from about 50 to about 250 mm in surface
excavation applications. The cartridge has a preferred
length-to-diameter ratio ranging from about 1 to about 4.

The inner cartridge housing 212 contains the explosive
and positions the explosive in the hole 240. In other
words, the inner cartridge housing positioné the explosive
(i) away from the side walls of the drill hole 240, (ii)
away from the cartridge base 204, and (iii) maintains the

desired spacing between the explosive and the hole bottom.
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to the smaller pilot hole. For the stemm ng bar configuration in
whi ch the transition fromthe reanmed hole to the pilot hole is -tapered,
t he angl e of WiOr83/06402er ed section of the stenming bar. ranges REBUSIGEIIT4S

from about 10 degrees to 45 degrees, - -37-
WD 97/06402 ag in the case of the outer carPelGye9Gidud#ily, iOres
preferably from about 15 degrees to 40 degrees and nost preferably from
about 15 degregmpbotidfitdedaeeshe inner S&BeEXdgar houddeghVHysrimennandhen
Loadi ng Mechani sm The SCB-EX cartridges are stored in a nagazine in

the manner othenezntosiveodetagakzesespbolthad &hﬁﬂ%m npntargghpieoedi ng
mechani smis a standard nechani cal deyjce {hat rieves a cartridge from

t he nagazi ne ah@ Wa@@kt@r i mpede ga§ h%lta‘r'quIPt%o‘?%e %qﬁfét‘élf%%rﬁ’%nbh?“

descri bed bel o use a sub-co ne f.the loadin machanl sm
to insert th8°cHr P‘PT’B@‘B mﬁ(‘_‘) t’nrén?i’F 3 nf‘gg Bofaidd car¥e ' JEEIELy

of materials, including steel, aluminum or plastic, and has
a preferred wall thickness ranging from about 0.2 to about
1 millimeter.

The explosive can be any number of the explosive
materials noted above. In the case of liquid explosives,
a separating wall or membrane is required at the top 264 of
the explosive to keep the explosive to the bottom portion
of the inner cartridge housing. The mass of the explosive
216 preferably ranges from about 0.15 to about 0.5
kilograms in underground excavation épplications and from
about 1 to about 5 kilograms in surface excavation
applications.

The detonation assembly 220 has a number of
subcomponents as noted above. The initiator 224 is
preferably a number 6 or number 8 blasting cap or other
detonation initiation device. The secondary induction coil
preferably has a sufficient wire diameter to carry
electrical current pulse ranging from about 1 to about 5
amps. The primary induction coil 244 preferably has a
sufficient wire diameﬁer to carry an electrical current
pulse ranging from about 20 to about 200 amps. For best
results, the maximum distance ("d") between the primary and

secondary induction coils is preferably no more than about
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The | oadi ng mechanismw || have to cycle a cartridge fromthe magazine to
the drill hole in no'less than 10 seconds and nore typically in 30
seconds or nP970402 i s sl ow conpared to nodern high firingPCATESIGNRT49
aut ol oaders and therefore does not involve high-acceleration | oads on

the SCB- EX explosiiieiGudter@de. aVaiainyg OboH | iehdingizedlt AlRadifgng
techni ques or of industrial bottle and cont ai ner handling systens may be
used. THadnairiage ¢oilke Rét wedthsexjuenrrehtsmalllsechettieh ibldRddanth
shots ranges preferably fromabout 0.5 mnutes to 10 m nutes, nore
preferably fro@uaanRt Lmithe secondaryriimauatian aadst 33&ferably from
about 1 mnute to 3 m nut es, The Iogggnagnnchanisn1mﬁll be required to

[

move a cartridge fHSSPRELRAGRIFAEL
ti | th th t | i ti . . I ant i

pneunat | o convESaeEs FePLl PReVATBREC aRo ToR, PPFABEL: BRESREMSE O ot a
119id or a flegsilgsaghlibe e PaESRYREIA BEETeR LRE UMHoR' oF 1he

bar .
inner carctridge housing 212 and the bottom of the outer

cartridge housing 208 determines the amount of fracturing
in the rock induced by the cartridge. The maximum degree
of fracturing is realized when the distance "di* is
substantially 0 and the outer cartridge housing contacts
the bottom of the hole 240. Preferably, "di" is no more
than about 15 mm. The distance "d2" from the bottom of the
outer cartridge housing to the bottom of the hole 240 is
preferabiy maintained as low as possible without causing
the outer cartridge housing to be pressed into the hole
bottom by the force of insertion of the cartridge into the
hole. As will be appreciated, the outer cartridge housing
can sustain significant damage during insertion, including
rupturing. Preferably, the distance "d2" is no more than
about 15 millimeters. -The distance "d3" is the clearance
distance between the outer cartridge housing and the side
walls of the drill holé 240, The distance "d3" is
preferably enough to allow the cartridge to be easily
inserted into the hole Dbottom without sustaining
gignificant damage as notea above. The distance.will, of

course, vary with drill bit wear and overbreak in different
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WO 97/ 06402
The Stemm ng
t he present
conf i nenent
primary sealin
the cross-sec
froma high-
characteristi
hi gh density
| oads wi t hout

PCT/ US96/ 12749
Bar and Firing Mechani sm This is a major conponent

of

It is a reusable conponent that pro‘ﬂcﬁ%@kﬂf’f@ al

or t e hlgh pressure epr03|ve product gases POVt di

f the ases in th oIe bottom b blocklng off nost
F%S al BYReS: of Prefexa eTI’?é'ss"taéW%ng Bar eRgeke fuew

of

fracture t oughness

h . d
8§°§Er%nggﬁoaﬁ§%%§e3n@é§h9B8§F% ﬁer materi al s t hat conb

ternate

and mggs f g,c_e,:,,,g%sg DarSt b8RILHakO 5 vaéﬂﬂg'?&t agafkp&ah%ssgé

def ormati on an toughness for durabrlity

i ne
e

hi gh-strengt hwithstaal sierglipbdtaiiial t boation- nef aldie edoiact bgn €y be
enpl oyed. This end section can be made from a hi gh-i npact mat eri al

as urethane t

cakelrpdgeolat=e (204 maesuiténygi fyom Hler fevonatieni @Rl the

hi gh- pressure overl oads. The stemming bar is attached to the nui
i ndexi ng boonexpkeshyai 2Afas Preferabilyd itherisfemaing baphdas armwerdglivar

typically ext
contact with

ends well_into the drill hole, The stemming_- bar makes fi
;ﬁggé;g@ osree @bruki nthg to about 1,000 Xkilograms. The

diameter of the stemming bar is sufficiently large to form
a seal between the sides of the stemming bar 236 and the
sides of the hole 240 to inhibit the eécape of gas from the
detonation of the explosiv;e 216 from the hole bottom.
Preferably, the diameter of the stemming bar 236 ranges
from about 50 to about 250 millimeters in underground
excavation applications and from about 50 to about 250 in
surface excavation applications. Typically, the stemming
bar has a cross-sectional area that is _at least about 95%
of the cross-sectional area of the hole.

To protect the end 256 of tbe stemming bar 236 from
damage caused by the recoil of the cartridge base 204 from
detonation of the explosive 216, the explosive 216 is
positioned at a distance "d4" from the cartridge base to
diséipa'.te the detonation shock wave. For best results, the
distance "d4" preferably ranges from about 0.5 to about 3
inches.

Figure 20 depicts another embodiment of an SCB-EX
cartridge 300 according to the present invention. Unlike
the cartridge 200 of the previous embodiment, the cartridge

300 does not have an innexr cartridge housing. Rather, the
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cartridge to provide close proximty for the electric bl asting cap or

ot her explosive initiating nmethod and to confine the cartridge at the
bott om of 't woOdx7i0k402hol e as t he expl osive is detonated. The RUBUS6H2749f
the stemm ng bar is just less than the drill hole dianeter, enough to
provi de cl ear afgg) 69{vd hgohalisl Ndditw! n thEe nvseMBdiioPasog0BkaIdR t he
firing mechanismfor the expl osive - 39-

WO 97/ 06402 outer cartridge housing 312. As notddChHdY®;/ B2 &éparating
cartridge. This firing mechanism may be el ectrical or optical in
functi on. wall Addi6ét i bmalisedaltiongseparate tihe cexpbesive: hespedisdilye
product gases may be provided at the cartridge end of the sterrm'ngI bar .

Any of severblquidnermiemives sedinaly the eHAGuUIOIUITEUCR28s Pisedihs

R TR SR S S, T e .

of about 50 to about 75% of the total volume of the outer
carﬁridge housing. The explosive occupies the remaining
total volume of the outer cartridge housing.

Figure 8 shows the SCB-EX system after firing in the
situation where the cartridge wall 66 does not rupture near
the end of the stemming bar 67. The explosive has been .
initiated and the pressures developed causes the stemming
bar 67 and cartridge base. plug 68 to recoil whilst
expanding the cartridge walls 66 against the wall of the
drill hole 69. The front.pdrtion of the cartridge has been
fragmented causiﬁg the hole to £ill with explosive product
gases initiating a controlled fracture 70 at or near the
bottom of the drill hole 71. The pressure forces the taper
of the base plug 68 against the taper of the cartridge wall
72 during recoil to maintain a dynamic seal while the rock
breaking process occurs. |
Figure 9 shows the SCB-EX system after firing in the

situation where the cartridge wall ‘73 ruptures 74 near the
end of the stemming bar 75. The cartridge wall 73 near the
base plug 76 is assumed to have ruptured 74 and the high
pressure explosive product gases then force the metal back-

up ring 77 into the gap 78 between the end of the stemming
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expl osive product gases fromthe cartridge and the bottom of the hole.

Addi tional sealing of the expl osive product gases nmay be achieved al so
by accel er at wagoAdsgozst emm ng bar into the hole just prior tecrgsveibn@ of -
t he expl osi ve charge such.that the inertia of the stemming bar into the

hol e provides %g@ t'.ﬁgngkdf %fhgeets‘ﬁé‘ﬂf‘i BE {he ar-spha t7§’; seath.%gndcﬁx%ss

cartridge out Of "the hol'e an € consequent cartridge upture

of hi gh- pressurs,sh %%E&%s@rgéﬁﬁﬁggaéfs§as from the holdhBoSEBmEX
Cartridge and Initiator The SCB- EX cartridge is a major conponent of

the present inventihenperifdrnafee of ithel GCB-EX methoddorattie ddd06f
container for the solid or liquid expl osi ve [err] to serve as a
means of transpodei-eguplederppdosivef charge is shomwn sinrBiguramgh@ike thet he
excavation site [err] to protect the explosive charge during insertion
into t headeulptiegl Pregsuyg histgr¥eQfe BRe 4 POGHENsi?fonthRardet 1] or

t he expl osi ve err t rovide internal, volume to,control th
pressur es ho &ev]éqh@p&?%i"ﬁ‘%%lles R offpe case when the' otk does
- 40-

not fracture. The pressure 80 is shown as a function of
time 81. A pressure spike 82 is immediately generated as
a result of.the expansion oﬁ the explosive products across
the gap (see Figure 5). The pressure oscillates 83 as the
gas generated by the explosive products sloéhes back and.
forth in the volume available. The pressure decays 84 with
time as the stemming bar recoils (increasing the volume
available) and as gas leaks past the stemming bar. The
pressure is shown on the hole bottom for about 4
milliseconds.

The performance of the SCB-EX method for the case of
a de-coupled explosive charge is shown in Figure 11 by the
calculated pressure history on the bottom of the drill
hole. The calculation is' for the case when the rock
fractures. The pressure 85 ié shown as a function of time
86. A pressure spike 87 is immediately generated as a
result of the expansion of the explosive products across
the gap (see Figure 5). ‘The pressure oscillates 88 as the
gas generated by the explosive products sloshes back and
forth in the volume available. The pressure decays 89 with

time as the stemming bar recoils (increasing the volume

available); as gas leaks past the stemming bar and as gas
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WD 97/ 06402 , . PCT/ US96/ 12749 [err]

to protect the explosive charge fromwater in a wet drill hole
[err] to WO7/802he stenmming bar with isolation framany PCT/US96ART4ENg
shock transients fromthe expl osive charge. [err] to provide a
backup seal i ng1owBCHARLSthe fdveldi®ing fractiied Qsistendr Otue! p#as8SraS 1khe
expl osi ve i s detonated in the drill hole. In addition to
cont ai ni ng t heshaphoshvehehhoye, bbheom H6B- B¥ooar #r mdde isecondsst rated in
Figures 4, 5 and 6 contains excess internal volume to control the average
pressure in the carThedgalmlidtedegaseddistsibuhion mithin thebssaptial |y

less than if the total cartridge volune were filled wth solid or liquid
expl osi ve. cartyhdgss ance Rele HOGtOM ciFt ShowWy ofnt Fd e r1dge i The to

Drouide P oPer RERA R8I Lo Al | LpoLe L Owdl cndeLalal A0 S 2 col e
to seal adjacegl, olfohlE £hOBHYpPBEsuPL oMLY Ukddm NOhe PRI 1T S

The mass of gas remaining in the cartridge volume 90, the
mass of gas leaked from the system 91 and the mass of gas
injected into the hole bottom and fracture system 92 are
shown as a function of time 93. After initiation, the
explosive product gases expand to fill the entire cartridge .
and hole bottom volume. When the pressure reaches a
critical threshold (on the order of 30% of the unconfined
compreésive strength of the rock), a fracture is initiated.
Gas continues to flow from the cartridge into the expanding
fracture system. Concurrently, in this calculation, the
cartridge wall near the cartridge base plug is assumed to

 rupture after recoil of 2.5 millimeters has occurred, thus
allowing gas to leak through the gap between the stemming
bar and the wall of the drill hole. The mass flow rate of
gas is assumed to leak at the sonic choke condition which
is dictated by the cross-sectional area of the gap and the
local gas sound speed and density. After 4 milliseconds,
the fracture will have reached the surface of the rock face
and the rock fragmentation is cohsidered complete. As can
be seen, a small fraction of the gas has leaked from the

system (18 grams of the original 200 grams). Most of the
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wi || prevent high-pressure gases fromleaking between the stenm ng bar

and the walls of the drill hole, and better contain the *hi gh-pressure
expl osi ve ‘pragdisiosgdses in the  bottomof the drill hole. A sj
cartridge design with features to ensure proper dril1 hole :%%Pﬂb%’gmfﬂﬁp

contai nnent of the, expl osive product gases.i hown in _Figure 4. The
SCB- EX ca{t ri ;?%srﬂé(’}){%@s?o oﬁana‘F' tgﬁnﬁ?‘ 306@%%&?}% {anmv\;%eh
proper materi i DI eve gg@; r ri dge rupture, ic
results in the ngéﬁ%t%ﬁel%%%t% apr%é(;pfeﬁp% an ééa%%r&s'sur e, which, in turn,

-41- WO 97/Qﬁﬂ9 erformance of the SCB-EX method £ / 49
reduces the effecti ventza%s of the desired hol e-bottom con?FoF%d??%%{:t]guge

process. The clerdly dgrpleasegploblivesthargd i Shaem &t PR i e 1%}16 ——
general requirenments by conbining a tapered wall and simlarly tapere
base plug, bdthe afalehilated pdtesmunee hdstordye o ¢imt bottbai bifr € heotixting

cartridge near the cartridge base. Wall tapers in
hole. The calculation is for the case when the rock

fractures. The pressure 94 is shown as a function of time
95. A strong pressure spike 96 is immediately generated as
a result of the reflection of the detonation wave from the
explosive in contact with the bottom of the cartridge (see
Figure 4). The pressure osci}lates 97 as the gas generated
by the explosive products sloshes back and forth in the
volume available. The pressure decays 98 with time as the
stemming bar recoils(increasing the volume available); as
gas leaks past the stemming bar and as gas flows into the
developing fracture system. The pressure is shown on the
hole bottom for about 4 milliseconds.

The performance of the a non-explosive Charge-in-the-
Hole method using a propellant is shown in Figure 14 by the
calculated pressure history on the bottom of the drill
hole. The calculation is for the case when the rock does
not fracture and can be compared to the SCB-EX example of
Figure 10. The pressure 99 is shown as a function of time
100. There is a distinct lack of a pressure spike and the
pressure rises relatively slowly compared to the SCB-EX
method. The pressure decays 101 with ﬁime as the stemming

bar recoils (increasing the volume available); and as gas
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the range of 1 to 10 degrees are satisfactory, with tapers between 3 and 5

degrees bein&nﬁgfferred The cartridge nmay be made from any tough
and pliable W#92%| , including nost plastics, metals, and pPETEIS9§/12749
constructed conposites. The cartridge nust be made of a mat eri al which
can def orm ei theske! psst cethd Vst bad AStTHEpessntd ST Sh&Abn th
deformation prior to rupture to allow the cartridge contai nnent to FOFIOW
both the expambe dpobfon hEoxrabbduthot emikbliseammids he recoil of the

stemming bar during the rapid drill hole pressurization and
control | ed- f ract ur eTif oReX rmam@ecgftthqge Rag-dnjecker demded rusimg a
conbusti bl e or con bIe na eri such as used I n conmbustible cartridges

occasi onal I'y afLPoﬁ ‘Tﬁelﬁr)%Ye’?rﬂ%cfﬁga‘i‘éﬁtaeF@ R¥SsERe———
Lowest: cost pab éﬂ%l’ b Egeﬁ‘egéeﬁﬁaagg Hiofer B Fufeilielmtea

| owest cost per

sction s Eng EESE MARR T ?%‘?‘Sﬁgs%ﬁyn%d%%?car r.&‘?;%er{iﬂ

requi renents of the

construct ed ofcdin cf‘“‘ﬁ"& &heescsanﬁ exBAfde SeAbidrd|19-and ik R4

sl eeve is tapere provide a greater resistance to premature rup rlng

of the in-the-Hole example of Figure 14. The pressure 102 is
shown as a function of time 103. There is a distinct lack
of a pressure spike and the pressure rises relativély
slowly compared to the SCB-EX method.:_The pressure decays |
104 with time as the stemming bar recoils (increasing the
volume available); és gas leaks past the stemming bar; and
as the gas blows back up the barrel of the gas-injector.
The pressure is shown on the hole bottom for about 4
milliseconds.

The calculated gas distribution within the @as-

Injector system and hole bottom is shown in Figure 16. The
calculation is for the case when the rock fractures. The
mass of gas in the gas-injector volume 105, the mass of gas
leaked from the system 106 and the mass of gas injected
into the hole bottom and fracturé system 107 is shown as a
function of time 108. Approximately 4 milliseconds after
the pressure has been on the bottom of the hole, a fracture
will have reached the surface of the rock face and the rock
fragmentation can be considered complete. As can be seen,
a significant fraction ‘of the gas has leaked from the

system (61 grams of the original 380 grams). Much of the
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-42- WO 97/ 06402 PCT/ US96/ 12749
cartridge near its base and to provide an interference seal wth the

basal sealin # %/ni ch is also tapered. The basal sealin | ug can
be constructgﬂg ﬂ@%? ny solid material, such as a plastic,PE%ﬂgPéﬁzﬁP a
conposite. The preferred materials are those that can be nade for the

| owest cost pegasarti4s Tnanmsaf thel ordginad CAT gyremmd heremabhsswik®hisap
or other initiator required to detonate the expl osi ve charge. The
bl asting cap i $heo@@sednieates car Thedgasaremedningndmdybe egastdntjretor
Sxpl 081 Ve char BEERe ok, HEASMERUR L5 A ATSRNBYSHA (AY Jper Gher SCREREPE or
"mstant ancous BPER 119F b4 i BaBaFT ol SOURERAR PR puPLEer
an inductivel yzgadksadequis et thiBULEEhoRON-€l ectric bl asting caps;
thermalite; high-energy '

A possible rock excavation system based on the use of
a SCB-EX system is shown in Figure 17. There are two
articulating boom assemblies 108 and 109 attached to a
mobile undercarrier 110. The boom assembly 108 has an scﬁ-
EX small-charge blasting apparatus 111 mounted on it. The
boom assembly 109 has an optional mechanical impact -
breaker 112 and backhoe attachment 113 for moving broken
rock from the workface to a conveyor system 114 which
passes the broken rock through the ex&avator to a haulage
system (not shown).

A typical indexing mechanism fbr the small-charge
blasting apparatus is shown in Figure 18. The indexing
mechanism 115 connects the SCB-EX small-charge blasting
apparatus 116 to the articulating'boom 117. A rock drill
118 and an SCB-EX insertion mechanism 119 are mounted on
the indexer 115. The boom 117 positiohs the indexer
assembly at the rock face so that the rock drill 118 can
drill a short hole (not shown) into the rock face (also not
shown). When the rock drill 118 is withdrawn from the
hole, the indexer 115 is rotated about its axis 120 by a

hydraulic mechanism 121 so as to align the SCB-EX insertion

mechanism 119 with the axis of the drill hole. The SCB-EX
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prinmers or an optical detonator, where a |aser pul se initiates a |ight
sensitive prinmer charge. An -alternate cartridge design is shown in
Figure 6. WOPHOMAZtri dge design is simlar in constyucti on PETUS6/12749
cartridge design shown in Figure 4. This alternate design satisfies the

general seali Eas@%%herlﬁéﬁxﬁm‘rprﬂbdii@g tthen D8Aget0EY E’Lﬁt@ri%’}?{hgﬂi}ﬁﬂlt he

gap between the stemm ng bar and the rock under the action o

expl osi ve gasnolpr addCithe smill -BhAsfgealisOrentyl fdesigaikkens of shock
isolation to protect the end of the stemm ng bar fromshock transients

fromthe detonating expl osive. As with the

-43- WD 97/ 06402 PCT/ US96/ 12749
ot her SCB-EX cartridge designs, the neans for initiating t he expl osi ve
is contained in the base of the cartridge. The expl osive charge is

| oaded into a plastic, metal lic or heavy paper container which is
nmount ed i nsi de _ :
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the cartridge to give the expl osive charEe wigidity and to position it

within the cartridge so as to xpl osive fromthe walls_of
the drill - hoMEQ 97/06302 Hﬂiﬂﬂﬂllﬁ“ Hl& osi ve; - EXGTEEPHa40

rat her than propellants are enproy%d'in"thé * present invention.

Propel | ants defl agrate or burn sub- sonically and pressure build-up is
controlled by the propel | ant geonetry; propellant chem stry; propellant
| oadi ng densi t Whatl |Egeciaimedtis space in the cartridge; and confi nenent
of the cartridge/ propell ant system between the walls of the drill hole
and the stenmming barl. Wah deviges dem rofracterieyt om ofharte dnatérhale
can be pressurized until a penetrating cone fracture or other

controlled fra@WRELEEGinitiated al ong the |ine of maxi mum st ress
concentration on the perineter of the hole bott om The propel | ant

gases then expandaiQﬁQFr% i 843G acture(s) and drive the fracture(s)
deep into the rock n

charge, on the ot her® Hand, et eqt grp.%%géb¥o%ﬁ§%§#@5§%§%becra§:&:ﬁigq%p§§g$ Oﬁéf{g
purning (Nl 0aRPkHChatehad , A0S IR AYe HINASC1S0REEAANSICEAPR BS an

controll ed and Irected to pressurize th ofto e dri 'n-a
' end of the stemming means and including:

a cartridge base positioned adjacent to the end
of the stemming means; and
an 6uter cartridge housing attached to the
10 cartridge base, a first portion of the outer cartridge
housing containing an explosive and a second portion a
space for controlling the gas pressure in the hole, wherein
the explosive is positioned at a distance £from ths
cartridge base to dissipate a detonation shock wave
15 generated during detonation of the explosive.

2. The device of Claim 1, wherein the cartridge base
has a thickness ranging from ébout 50 to about 250 mm.

3. The device of Claim 1, wherein the stemming means
has a first yield strength and the cartridge base a second
yield strength and the second yield strength is no more
than about 75% of said first yvield strength.

4. The device of Claim 1, wherein the stemming means
has a first yield strength and the cartridge base a second
yvield strength and the second yield strength is less than

the first yield strength such that the cartridge .base

i -
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controll ed manner so that rroun e dril

be
excessivel y fractured and crushed ","llﬂ""l“” "I,I I”IllPCT/ Usog) 1%"89&1274;14

WO 97/ 06402WO 97/06402 v
restricting the nass of expl osive, |t I's pOSSIb e'to achi eve a desired

average pressiyiaadtiddElPodeiiitf ein redipgbifse ©8Y tinf 88HbhAEiOAE shock
geonetry of the expl osive charge, strong shock waves can be prevented

from engagi ng wavd leefiodé stié stemhdhg melnsm or directed at the bottom of
the hole to induce mcrofractures where they can act as initiation sites
for the main fractuse. The deﬂi\@eeqplfbkamsl.t vérexwin e aaxtiridge Hmse
present i nvention may be solid, gU|d or slurried in form Exanpl es of
sol i d expl osi vies qgrically shaped an di}h&n??é‘i‘}lon of Féler puter gartitikdge

nitrate err] 3’ [e osition
ou51ng adjacent to the cartrl ge base 1s tapered to seal

the cartridge in the hole when the cartridge base recoils
5 from the detonation shock wave.

6. The devicg of Claim 1, wherein the nose portion
of the outer cartridge housing located at the oéposite end
of the outer cartridge housing from the cartridge base has
a thickness ranging from about 0.75 to about 5 mm.

7. The device of Claim 1, wherein the explosive isg
selected from the groué consisting of a mixture of ammonium
nitrate and nitromethane, dynamite, Composition 3,
Composition 4, Octol, emulsion explosives, water gel

5 explosives, and gelignite. |

8. The device of Claim 1, wherein the space has a

space volume and the explosive an explosive volume and the
- space volume ranging from abbut 200 to about 500% of th=
explosive volume.

9. The device of Claim 1, wherein the explosive is
spaced from the bottom of the hole by a distance of no more
than about 15 mm.

10. The device of Claim 1, wherein the distance
ranges from about 0.5 to about 3.0 inches.

11. The device of Claim 1 wherein at least one of the

stemming means and cartridge base includes guidance means

This Sheet Has B
eet Has Been RT"’ -7~
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[err] Conposition 4 [ery nples of liquid explosives
are: [err] nitromet han ","J ,l‘immtﬂl hydra2| ne Exanpl es of
slurried exphfs s¥egei €: nitrate/fuel pgtusser12749 ..
[err] wat er gel s [err] enul si ons [ferr] slurries '
[err] m xtures of _anmnium nitrate and nitronethane | osj ve
may be sensitizE@¥sBLEEBLNG: the cazbridgesibasf redalids &%éh‘hl?’i"gt‘gﬁ Bhea

nunber 8 blastlng -45- WO 97/ 06402
PCT/ US96/ 12749 S“€™RiBg BEAREr when it is shipped or just prior to use by

Inj ecting sensiti Zer%br.‘t Ogth §EPLO8 ¥ claim 11,TNGnRRIGS ¥fie e &hiifng

have a agents added 10 'reducCe
means includes a primary inductance coil and the cartridge

base a secondary inductance coil, with the primary and
secondary inductance coils being electrically coupled to
5 one another for initiating detonation of the explosive.

13. The device of Claim 1, wherein the cartridge has
a length-to-diameter ratio ranging from about 1 to about 4.

14. The device of Claim 1, further comprising:

sealing means for sealing_the cartridge in the bottom
of the hole to pressurize the hole bottom and form a
fracture from a bottom corner of the hole.

15. The device of Claim 1, wherein the cartridge base
has a length-to-diameﬁer rétio ranging from about 0.15 to
about 0.60. |

16. The device of élaim 1, wherein the space has a

5 space volume and the space volume ranges from.about 50 to
about 75% of the totél volume of the outer cartridge

housing.
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the amount of toxic by-products ener at ed durln conmbust

APPLI CATI ON This et hod rredl um and S
wel | as concﬁv&%’%osz many applicati ‘HW" ” rlH construc ,ﬁon aﬁ“ )
rock quarrying industries and mlitary operatlons These i ncl ude:

[err] tunneling 17. An|[esxplosivavetevdxeavdiomwn fracturihgrrja hard
shaft - si nki ng [err] adit and drift devel opnent in mning

[err] | ong waltleniiadi ngthe explopdme] deviemnbabugppliagediiinng hole in
[err] stoplnglnethods (shri nkage cut fill and .

narr ow vei n) e hafjgmaterial) de g)pe\,@emﬁengomprlslng[ err] under cut
devel opnent for vertical crater retreat (VCR) m n| ng

[err] dr aw- poi nt & ﬂf#‘%t baggi plock caving and T

EC;:.Qlkgge %t Opl N9 an outLr LartrlgcondBOXSQESakﬁ sland (€ ua?steloq_)oo{'tlon

attached to the cartridge base and a nose portion, the base

and nose portions being at opposite ends of the outer

cartridge housing, the outer cartridge housing including an

explosive in contact with the nose portion and an open

10 space for controlling the gas pressure in the hole,

" wherein, when the device is placed in the hole, the nose
portion is contacted with the bottom of the hole.

18. The explosive device of Claim 17, wherein at

least about 50% of the area of the nose portion contacting

the bottom of the hole contacts the explosive.

Sheet Has Been Reﬂlaced :
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[err] trenching o - [e rai se-boring ! rr] rock cuts
o7 tha02 P o HIIIIII 0] 1) IIIII IIM, Usos/ I

[err] denolition [err] : open p|t bentch cfeanup [err]

open pit bench blastlng oul der Rreaki and benchin
1800 Pp EIRATIR L SRVEFS | GRE nd FRSHUEORE G bard

rock quarries

an: made. obst acREeEARl ittty SPhavhfenpevice BEY

(n

S harl o s i

Cone Fracture (BEE) plraAkager1aTechanl RV fie deoifBHisghar 0o bl asting et hod

using a  stenm ng

ar to irnertial contalnacatrldge contalnlng an

expl osi ve charge in ghgagqggggbo%a%éuugﬁadTT1I hole is shown
schematically in Figure 1. A cartridge 1 is inserted

5

an outer cartridge housing including an explosive
spaced from the cartridge base to dissipate a detonation
shock wave generated during detonation of the explosive and
a space for controlling the gas pressure in the hole.

20. The explosive device of Claim 19, whérein the
cartridge base has a length-to-diameter ratio ranging from
about o.is to about 0.60 mm.

21. The explosive device of Claim 192, wherein the
distance between the explosive and the cartridge base
ranges from about 0.5 to about 2.5 inches.

22. The explosive device of Claim 19, wherein the
outer cartridge housing has a. thickness adjacent to the
bottom of the hoie ranging from about 0.75 to about 5 wm.

23. The explosive device of Claim 19, further
comprising:

an inner cartridgé housing'positioned.within the outer
cartridge housing and contacting the éartiidge base, the
inner cartridge housing containing the explosive and a free
space between the explosive and the cartridge base.

24. The explosive device of Claim 23, wherein the
inner cartridge housing has a wall thickness ranging from
about 0.2 to about 1 wm.

25. The explosive device of Claim 19, further

comprising:

This Sheet Has Been Replaced
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in the bottomof a short drill hole 2 drilled into the rock face 3. An

inertial stenmming bar 4 is pl acedali mﬂ”m Hﬁu cllémlcont ain the

hi gh-pressurb‘"@%’g‘@g"benerated by l* | "IH II We charge coRtA Rea e
cartridge 1. The gases fill the volunme 5"and pfessurize the bottom of
the hole 2 until  ag@LkihyPReahsl Faet YeRlfnis tihel “ap1dIvd M id® 1RCKhd .
The fracture 6 curves upwards toward the rock face 3 and when t he
fracture 6 int epceedm blfetheckdlaca s, pidesurize theuhdzd bptilem farattfivrem6
and rock face 3 is effectively fragnented. An al ternate breakage
mechani sm f®r aasfimhttuhear feombhabbtingpmretdmewisiihdhe siakei ng bar to
inertially contain a cartridge containing an explosive charge in the
bottom of a short d26k1 FEbee explamive sdpwine f | Fladmri 3w ewhergin the
cartridge 8 is inserted in the bottogmof a short drill hole 9 dri Ilegl into
the rock face 14PnNeF FREEridgeshenfing khas a volume and the volume of the

-47- WO 97/ 06402 PCT/ US96/ 1.2749
11 is placed | nE¥®@ FBRES: 5ARYREaLH O APRUSH s &8s 3PN S8F oF the volume

of the inner cartridge housing.

10
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generated by a small expl osive charge contained in cartridge 8. The
gases fill the volune 12 and pressurize the bottom of "t he éﬁﬂ’ til
pre-exi sti WO W42 res 13 are further extended into the B %%}z¥ﬁe -
fractures 13 curve upwards toward the rock face 10 and when the
fractures 13 intersect the rock face 10, the rock bounded by the
fractures 13 and rock face 10 is effeqy2ovely fragnent ed, Figure 3
shows the SCB-EX system positioned in a drill hole prior to firing. A
short hole 15 is drilled intp\the rock face 16 and a cartridge 17 is
inserted into the bottom pf \{ he hol e 15. The cartridge 17 may be

i nserted by attaching it fo tRe end of a stenming bar 18 which is
prevented fromcrushing the fpartrivge 17 by stopping at the step 19,
formed near the bottomof the drill WQle 15. The cartridge base 20 is
attached to the end of the sfemm ng Qar 18 and may recoil with the
stemm ng bar 18 under the action of the high-pressure gases generated by
t he expl osive charge 21. An explosive iM\tiation system?22 is | ocat ed
coaxially in the stemm ng baf and is used to initi® e the blasting cap
23 located in the base 20 of}the

;&(,,,,,-----__

N\

Fig. 1
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cartridge 17. A tube 24 contains the explosive charge 21 within the

cartridge Wb oroedoBecause the cartridge 17 cont ai NS excepeTUSHAMT4P5,
t he SCB- EX net hod may be used in either a gas-filled or a water filled

hole. In a water- filled hole, the cartridge 17 will displace nost of

t he water from the bottom of théa/zohole -15. In this

- 48- WD 97/ 06402 PCT/ US96/ 12749
configuration, the explosive chargg 21 is coupled directly to the bottom
of the cartridge 17 in order Fo driwe a- strong shock spike into the rock

26 at the bottomof the holg 15 to eghance mcrofracturing at the bottom
of the hole 15. For best results, at Neast about 50% of the area of the
nose portion of 'the outer carfridge hous\ng that contacts the bottom of
the hole contacts the explosijve. The preMrred contact area is the outer
annul us of the nose portion so as to best Nduce mcrofracturing in the
hole bottomin the annul ar rjegi on around the\corner of the hole bottom

N

.-~
L

12

13
13

Fig. 2
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Figure 4 shows an SCB-EX cartridge 27 positioned at the bottomof a dril
hol e 28 and held by a stemm ng bar 29. The stemm ng bar 29 ISgg%@an ted
fromecrusRy@erbdae: cartridge 27 by a step 30 in the drill RGIAS .
cartridge 27 is conprised of a body 31 and a t aper &d ‘base plug 32 and a

back-up netallic sealing ring 33. The base 32 of the cartridge 27 has a
concave rear surface 34 to help Iocat

the stemm ng bar 29 to nmaintain an
approxi mate centr al al i gnnent. An ex£ﬁ05|ve charge 35 is held centrally
in the base 32 of the cartridge 27. The expl osi ve charge 35 does not
conpletely fill the cartridge 27. The cartridge 27 al so contains an

i nternal volune 36 which allows the expl osi ve conbustion products to

expand and control the average prepsure i the cartridge 27. The
expl osive charge 35 is further confaingd ijn 6} or container 37 to
gi ve t he expl osive charge 35 strucfura SLppo t.” The epr05|ve char ge
35 is coupled closely to-thg—wogrompf tjhe g )
-49- "0 Y D <% o
No © b oo » O 0
e : o° 000. °
\° . ‘o‘ :
S0 o °
o o * o°
(o [
° o *S 0 R
o s hd
22 2 4 o .o
° ®
> o > O
,’oo ] Oo?'
)9 0 °o~—15
o %
2 ‘o * ¢
%
o, \d 18
o o o o0
300 D OS!
T e R
> o o ©
2. 6 v o —19
[ /‘ )
23 ,o o:o .
. >~ 20
2 .
' :
o )
21— i
o . f .
, © 0’ 4 : i 17
247 o o'} N
og .' .. 25
) [& NG} [#X}
p O ° ‘
o
26

SUBSTITUTE SHEET (RULE 26)



WO 97/ 06402 PCT/ US96/ 12749 body 31
so as to drwé‘ ygsﬁirong ‘shock spike into the bottom of t hepcelirusds/aadoe

38. The ‘base contains an el ectrical coil 39 whitch is connected to a
bl asting cap 40 which is used to initiate the explosive charge 35. A
second electrical coil 41 is contajéyaﬁi n the stenm ng bar 29 and i's
connected to an external firing circui not shown). A current pulse is
generated in coil 41 and induces a current in coil_-3gowhich is
sufficient to initiate the blasting cap 40. ThyS the stenmm ng bar 29

does not need to be in intimteycontact with the cgrtridge base 32.
Figure 5 shows an SCB-EX cartri gge} 43 contEining expl osive charge 44

that is not closely coupled §o {he bot t om of cartridge;bo@y 45 but
separated by a gap 46. The gab substantiafTy red cesP;Fg,peak pgessure
of the shock spi ke drlvenllu b the hole pottpm 47. he , the
cartridge 43 is substanti al ane as fhe partridge shown in Figure
4. The stenm ng ,48’T§”§%SW a step) 49 to gredertt $he stenmmi ng
bar 48 from crush the carifidge 43. The epd of tHe gt.enmm ng bar 48 is

convex 50 to help it align w he concpve pase 51 ®f |thg cartridge.
The primary nmeans of sealing thpfgases gengeratpd by the
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expl osive charge 44 is the end stenm ng bar 48 which fills nost of the
cross sectiwo Pfpshdde bottomof the drill hole 52, |eaving opL¥nResnarae

cl earance gap 53 for the high-pressure gases to escape. Further sealing
of these high-pressure gases is acconplished by the netallic sealing ring
54 and portions of the cartridge body, 45 and cartridge base 55 that are
forced into the gap 53 by the high-pr 20 e gases.

- 50- WO 97/ 06402 PCT/ US96/ 12749
Figure 6 shows an alternate version of an SCB-EX cartridge 56 which

I ncorporates a shock isolation nechanism 57 which i g designed to help
“decoupl e the shock transient enprated bly the explodive chargg 58, from

t he base plug 59 of the cagtrjdgk 56. Ot herwi—seT"| tle cgrtridge 56 is
substantially the same as the cqrtfidges shown| in Fi gy .
Figure 7 shows an alternate cqyigpration jof the down |
stemm ng bar. A cartridge is nof shown.
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The stemming bar 60 has an enlarged tip 61 with a tapered section 62.

The drill h‘&b%%g%ia | ar ger di ameter upper section 63 that pé&rnses12749
transitiored to a snaller dianmeter |ower section 64 py a tapered section

65. This type of drill hol e can be formed by a special drill bit
assenbly. The stenmm ng bar 60 is inse,réed into the drill hole and the

t apered section 62 seats on the taperecﬁg ction 65 of the drill hole to
forman initially tight seal for the high- pressure gases that will be
generated in the hole bottom The hi gh pressure gases will cause the
stenm ng bar 60 to recoil, thus ppeni-ng up a gap between the tapered
section 62 of the stemming bar 6P and the tapered sqction 65 Qf the

drill hole. The tapered sectjon|65|of the idrilf hole i}s | egs sensitive to

chi pping and inperfections in the fock than f sharplly 4tepped*drill hole
such as shown in Figures 4,5 andl 6 and thus fhe devdl of ngnt of the gap
and the | eakage of hi gh-press<1re gases clan bg better, o ntroll ed. Thi s
stenm ng bar configuration can be Wised vvitP anF of the cartyidge
configurations shown in Figures _

§ and 6.
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Fi gure 19 depicts another enbodi nent of an SCB- EX car'tri].gi&'e,F 12749

according to t&ﬁgﬁresent i nvention. The cartridge 200 inhcludes a
WO ¥4

sacrifici dge base 204, an outer-cartridde housing 208, an inner
cartridge housing 212, an explosive 216 and a detonation assenbly 220.
The- detonation assenbly 220 includes a detonation initiator 224, a
secondary induction coil 228, and a conductor 232 for connecting the
secondary induction coil 228 and the getonation initiator 224. A
stenmm ng bar 236 includes means fo?lg aling the cartridge 200 in the
hole 240 (i.e., the narrow gap between the stemm ng bar and the sides of
the hole) and _primary induction-coil 244 in electrical contact with the

secondary induction coil 228 for initiating
The cartridge 200 includes a frlee
cartridge housing 208, cartrid ler cartridge housing
212. The inner cartridge housin LN : deg free ume 252
| ocat ed between the expl osi v s, dde ba 20&™ Free

vol une 252 al | ows IXphOsi ve to

attenuate by expansion to the p
\\:::ESSESSESSSSSES;;;;; 61

N

detQnati on of the expl osive.
2 Ry t he outer

/64

Fig. 7
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overload the cartridge base 204 and transmt excessive shock energy to
the stemm 6. Free vol unmes 248 and 252 constitute e
total free vgl u)r’q%%?n t he bottom of the hole 240. Preferably, Srgg,féz.;\‘/'gl ume
252 ranges from about 20 to about 182;/8 of the volune of the explosive
216. It is preferred that the total free volune 252 and free

vol unme 248 range from about 2 to about Lines.that of the

-52- WO 97/ 06402 !
vol ume of the explosive 216. Free vol ujme
about 17 to about 50% of the total vol upd

PCT/ US96/ 12749
pr ef er abl y represents from
t the inner cartridge housing

212. The sumof the free vol unme 252 ol une 248, and the expl osive
216 equal’'s™  the total volune avail abl& 8 gas generated by
consumi ng the expl osive 216. As will 2dpP eclat ed, the free vol une
associated with the spacing between thefauter] cartridge housing 208 and
the surface of the hole 240 providesta furfler small additional volune
to the overall ! H
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free volune in the hole bottom The cartridge base 204 protects the

reuseable,_dq&pgwmé%H e end 256 of the stemm ng bar from permanent damage
during detonation of the explosive, contains part of the i ni RCHUSI6/12749
system and assists in sealing the bottom of the hol € by occupyi ng nost
of the cross-sectional area of the hol e, The cartridge base preferably
has a yield strength | ess than the yiéV?ostrength of the stemm ng bar
such t hat the cartridge base experiencps plastfic deformation in
response to detonation of the explosive éforei he st enmm ng bar .
Preferably, the yield strength of the c ﬁridgp base is no nore than
about 75% of the yield strength of the $temm fg bar. The cartridge base

can be conposed of a variety of ine materials, including
|i ke. The thickness "t"

st eel , al um num plastic, conposites,
of the cartridge base preferably ranges JFtomapput 0.5 to about 2 inches.
The di aneter of the cartridge base has & di dnpter ranging from about 50
to about 250 millineters ——| i E - 53-
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WO 97/ 06402 , . PCT/ US96/ 12749 and has a
| ength-to-dianmeter ratio ranging from about 0.15 to about

The shape ofWPHR#0¢4%2t i dge base 204 serves nunerous : purposg%épmgfln 8 of -
exanpl e, the outer end 260 of the cartridge base has the sane shape as
the end 256 of the stemm ng bar 2361?E¥§ha1 t he stemm ng bar 236 can be
aligned with the cartridge 200 to perm he primry i nduction coil 244
to be electrically coupled with the secondary induction coil 228. As
shown, the preferred: shape of the outer end 260 of the cartridge base
and the end 256 of the stemm ng neans is curved. The cartridge base
is coni.cally shaped where the cartridge base connects to the outer
cartridge housi ng 2Q8 According he partion o he og%er
cartridge housing 2¢8!adj dcent! tlo t he conl cal Fy tshaped| gorft i9n of the
cartridge base is tapered at the sanme angle as the taper df the

coni cally shaped portion of the cartridge base. During detjonati on of the
expl osive, the coni¢ally shaped portion of the cartridge Hase forces the

outer cartridge hou$m™ng agai nst the sides 7
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of the hole 240, thereby sealing the cartridge 200 in the hol e bottom
The outer cartridge housing 208 is cylindrically shaped and seal s the

i nsi de of -t hwowokdgzdge 200 from any wat er or ot her_ | i qui dspetukdeizhg e
240. As noted above, the outer cartridge housing contains the free

vol une necessary to control the average peak pressure devel oped in

the hole bottom and thereby prevent ovdfp2@ssur.ization of t he bottom 223

of the drill hole. For best results, the
- 54- WO 97/ 06402 PCT/ US96/ 12749

outer cartridge housing should fragnent when the expl osive detonates to
inhibit |large pieces of the housing from bl ocki ng or inpeding gas flow
into the fractures opened in the hole bottom The outer—cartridge

housing can be  CPTPUFERPrTa ST eIt T TETROS el
al um num or plastic} he di mensions of the cartridgg¢|depend upon

t he

Fig. 11

Bottom Hole Pressure (MPa) Versus Time (s)

86— TIME (Seconds)

o o

i (o]

=
- B o ~

5 ©

819 :

=~

[ A I I |

L i1 — e S I W S S Y
[«2) o
< (BdW) ainssaid —
& 8

SUBSTITUTE SHEET (RULE 26).



specific applicatiaon.

The wal | thickness of the outer cartridge housing

preferably ranges from about 0.75 to about 5 mllineters i d
excavati on a@%708%ons a %&@9%@{;3}@

excavation applicati ons.
cartridge housing | ocated at the opposj end of the outer cartridge
housing fromthe cartridge base has a ICkness rangi ng from about 0.01
to about 0.03 inches in underground excavation applications and from

about 0.01 to about

0.03

nd from about 0.75 to about 5 mm
Preferably the nose portion 221 of the outer

in surface excavation applications. The

cartridge 200 has a maxi num di anmeter ranging from about 50 to about 250
mllimeters in underground excavation applications and from about 50 to

about 250 mMmin surf
preferred | engt h-
The inner cartridge
expl osi've in the hol
posi tions the expl o9
240, (i) away fr(
desi red spacing bety

o- dilane

ive_ﬁ_&i

m t h
\een.gigf
o :

Mas
Cart

avation _ann at i on ho d% has a
erlratlio Fandi o jabdut 4.
212 contains the explosive '} and jpositions the
i c4rtyridge housing
pf fthe drill hole
rLreedge base 294, and (iii){ maijftjai ns the
& osi ve and tihe hol e bot fom
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Fig. 12

90
Gas Mass (kgs) Versus Time (5)

93 —— TIME (Seconds)

Y
o

| IR A N I I N

(6yy) ssep se

SUBSTITUTE SHEET (RULE 26)



WO 97/ 06402 PCT/ US96/ 12749 As in the
case of the outer cartridge housing, it is i nportant ¢hat the inner

cartridge, h&y@i 2@ @Eagmant when t he expl osive detonates sopihiisobPias
9 %
i

are no larg to block or inpede gas flowinio the fractures open

in the hol e bottom The inner cartridge housing can be a variety of
materials, including steel, alunlnun1qr/§bast|c and has a preferred
wal | thi ckness rangi ng from about 0.2 tO about 1 millineter. The
expl osi ve can be any nunber of the explosive mat eri al s noted above. In
the case of liquid explosives, a separating wall or nenbrane is required
at the top 264 of the expl osive to keep the explosive to the bottom
portion of the-imner cartrldge hou5|ng The nmass of the expl osi ve 216

preferably ranges f i & under gr ound

excavation appli cati - ‘rgﬁs in surface
excavati on appl ifjcat i ons. The detonation assenblly 220 has a

nunber  of subcqnponents as noted above. The initiaffer 224 is

—— L -

=
(o5 ]
E
. —
[72]
-3
S
g2 O
a
- = .
- @D
w = D
= 8 Lo
o.
@
=
"” X
<§
s
v 3
R4
[<}]
-]
=
o=
L (QQ'O
> 8 i
= < ————
EE'L!E'L'L'L:{;{§|=FLi||°
(=2 o
P (edI) ainssaid —
L <
N (o))

SUBSTITUTE SHEET (RULE 26)



preferably a nunber, 6 or nunber 8 blasting cap or other det onati on
initiation device. The secondary i nduction coil preferably
sufficient WWOSTH6d%eter to carry el ectrical curremt pulse Q@S&Pfé‘zﬁ’
about 1 to about 5 anps. The primary induction coil 244 preferably has
a sufficient wwre dianeter to carryiiyzilectrrcal current pul se
rangi ng from about 20 to about 200 anps best results, the maxi num
di stance ("d") between the primry and secondary induction coils is
‘preferably no nore than about WO 97/ 06402 _
PCT/ US96/ 12749 3 mllimeters. A firing box energizes the primry
i nduction coil 244 with a current pul se which induces a current in the
secondary induction _coil 228, The spacial positions of«bhe various
conmponents in the cadtrli dgd 200 drd ilnpbrk ahtl f brl obt I mhl |p& f or mance of
t he cartridge. The distance "dl1" between the bottom of tlhe i nner

4

cartridge housing 232 and the bottom of the outer cartridge housing 208
determ nes the anoupt of fracturing in the rock induced t he
cartridge. The maxi fum degree
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of fracturing is realized when the distance "d1" s substantially O
and the outer cartridge housing contacts the bottom of -t he hol e 240.
Preferably, "di"_ ;i 0 nore t han about 15 nm The di stance pd2n he
bot t om of thgﬂ%ww@%pgr cartridge housing to the bottorh of the ﬁ%?@m%ﬁgﬁ?i '
preferably maintained as | ow as possi bl e wi thout causing t he outer
cartridge housing to be pressed into tH#&6/8pl e bottom by the force of
insertion of the cartridge into the hole. As will be appreciated, the
outer cartridge housing can sustain significant damage during insertion

i ncl udi ng rupturing. Preferably, the distance "d2" is no nore than

about 15 mllinmeters. The distance "d3" is the clearance di st ance

bet ween the outer cartridge housing and the side wal I's of the drill hole
240. The di stance p—~gEy—r hef8cartri dge

to be easily i nsefted nt o h hol badt t'orh 'wi't Hout 5USt ai ni ng
significant danmage ap noted above. The distance wll, of cpurse, vary
with drill bit wear pnd overbreak in different
-57-.

Fig. 15

Bottom Hole Pressure (MPa) Versus Time (s)
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WO 97/ 06402 . : PCT/ US96/ 12749 rock types.
Preferably, the distance "d3" ranges from about 0.2 to about

millineters, WO9T06402r,0 gt o ng bar 236 has a wei ght isuffici eﬁf:T{(U(§96/12749
wi t hstand a substantial portion of the recoil of the cartridge base 204
resulting fromthe detonation of the 1@}% osive 216. Preferably, the
stemm ng bar has a wei ght rangi ng from about 25 to about 1,000 kil ograns.
The di aneter of the stemming bar is sufficiently large to form a seal
bet ween the sides of the stemm ng bar 236 and the si des of the hole 240
to inhibit the escape of gas fromthe detondtion of the explosive 216

fromthe hole bottom Preferably, the diameter of the stenmm ng bar 236
ranges from about : L } d&8 excavation
applications and fr b 5 i ekcqvarion
applications. Typichlly, the stemm ng bar has a cross-sectijonal area that
is at |least about 9p% of the cross-sectional area of the &gle. To
protect the end 256{ of rge,é,sgnép ng bar 236 from
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damage caused by the recoil of the cartridge base 204 from detonation of
t he expl osive 216, the explosive 216 is positioned at a 'di stance "d4"
fromthe carévroi%?@%@ase to di ssi pate the detonation :shock WapeT/usen1 286t
results, the nce "d4" preferably ranges fromabout 0.5 to about 3

I nches. Fi gure 20 depicts another enbodi nent of an SCB- EX
cartridge 300 according to the present qzpagnti on. Unlike the cartridge
200 of the previous enbodi ment, the cartridge 300 does qot have an i nner
cartridge housing. Rather, the - 58- WO

97/ 06402 & pdhr/usee/ 127149 expl osi ve 304
Is located in the nose portion\308 of the*‘outgikcartbmdgé heousing 312. As
not ed above, a separating wall 6 is used t¢ Jeparaf® tHe expl ostve,”
especially 1liquid explosies, the free prve 320 of .Lhe- cartridge.
Preferably, the free volume 320 p nts f L pblut 50 {to apbout 75% of
the total volune of the ouler t Mefie hop ) 'lle'exHIosive occupi es

t he remai ni ng
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total volune of the, outer cartridge housing. Figure 8 shows the
SCB-EX systemafter firing in the situation where the cartridge wall 66
does not ruptWP7REMR  the end of the stemming bar 67: The ex SEI1274
been initiated and the pressures devel oped causes the stemmi ng bar 67
and cartridge base plug 68 to recoil mhi%gb expanding the cartridge walls
66 against the wall of the drill hole . The front portion of the
cartridge has been fragnented causing the hole to fill wth explosive

pr oduct gases initiating a controlled fracture 70 at or near the bottom
of the drill hole 71. The pressure forces the taper of the base pl ugesH8
agai nst the taper of the cartridge wall 72 during recoil to maintailf¥a
dynam c seal while the rock br eaki ng process occurs. Fi gure .
shows the SCB-EX systemafter firing in the situation where the caingdge
wal | 73 ruptures 74 near the end of the stenmm ng bar 75. The cartri

wall 73 near the base plug 76 is assumed to have ruptured 74 and tHg hi gh

pressure expl osive product gases then forc® t bﬂg# bagk- up ring 77
into the gap 78 between the end of the st Ng |is - -
|/
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- 59- WD 97/ 06402 PCT/ US96/ 12749

bar 75 and the wall of the drill hole 79, sealing the syst enr agai nst
| eakage of- gﬂ,@,;ﬁogmzt he hol e bottom The performance ~EX
nmet hod for the case of a de-coupl ed expl osive charge is shgwﬁﬁﬁ? |dﬁre
10 by the cal cul ated pressure history on the bottomof the dril
hole. The calculation is for the case q@?ﬂbthe rock does not fracture.
The pressure 80 is shown as a function time 81. A pressure spi ke 82
is imediately generated as a result of the expansion of the explosive
products across the gap (see Figure 5). The pressure oscillates 83 as
t he gas generated by the explosive products sl oshes back and forth in
t he vol une avail abl e. The préssure decays 84 with time as the stenm ng
bar recoils (increasing the volune avai | pbl e) and as gas | eaks past the
stenm ng bar. The pressure i s shown on,the hole bottomfor about 4
mlliseconds. I '
r\@
!
' 236
i ,k////,
256 |
™ i | ——— 244
228 <. | 260
240
d ___T_
200 % +
f /A& ] 204
224 232
2\ d4 » 7 — 220
/ U
212 ZIBNR 'R 2\264 e
. * S
/ b Lo .'~ ‘L -CV“
/ - P .':. \ N
T leesn 8 T~ 248
248 A e X
g di
77 /7
7/ m;(/' / 216
K_ 223
208
221

SUBSTITUTE SHEET (RULE 26)



The performance of .the SCB-EX nethod for the case of a de-coupl ed

expl osi ve.c iS.Shown in Figure 11 by the cal cul ated pr,

hi story on Bﬁégggkﬁ%n1of the drill hol e. The cal cul ati on Fé oPg?ﬁgs
case when the rock fractures. The pressure 85 is shown as a function of
tinme 86. A pressure spike 87 is immedi ately generated as a result of
t he expansi on of the expl osive productgg/ross the gap (see Figure 5).
The pressure oscillates 88 as the  gas generated by the explosive
products sl oshes back and forth in the volune avail able. The pressure
decays 89 with time as the stenmm ng bar recoils (increasing the volune
avai l able); as gas | eaks past the stenm ng bar and as gas

- 60- : WO 97/ 06402 PCT/ US96/ 12749
flows into the devel oping fracture system The pressure is shown on the
hol e bottom for about 4 mlliseconds. The cal cul ated gas
distribution within the SCB-EX cartridge and hole -bottomis shown in
Figure 12. The calculation is for the case when the rock fractures and
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Rock and other hard materials, such as concrete, are fragmented

' by a controlled small-charge blasting process. A cartridge (200) contaiying_
an explosive charge is inserted at the bottom of a short hole (240) drilled
in the rock. The explosive charge is configured to provide the desired ! 296
pressure in the hole bottom, including, if desired, a strong shock spike at I /
the hole bottom to enhance microfracturing. The cartridge (200) is held in : !
place or stemmed by a massive stemming bar of high-strength material 25— || . | :
such as steel. The cartridge (200) incorporates additional internal volume ! ;L—-— 244
designed to control the application of pressure in the bottom hole volume 228 ! 260
by the detonating explosive. The major features of the method and l L | ——240
apparatus are the relatively low-energy of the flyrock and the relatively d
small amount of explosive required to break the rock. 200 T
204
224~ 1 282
N - 220
d
™ X 1 252
: SG a7 Al P E\zr
REPLACED SHEETS - /_!\; T
i od g i
1a Description : : paged - Lg to paged ‘ 777 7 218
laim(s)  : paged .-+ o ng od D & 223
03 Drawing(s) : paged «..... 10 pag L 221 %0
0 Abstiert @ paifd e to pagea «..-«

*(Refierred to in PCT Gazstte No. 26/1998, Section IT)



syste

PCT/ US
into t
SCB- EX
in Fig
drill

The prég
spi ke

det onal

t hggzcase whdd Abseragtock aé act,

\'18 grans of the ari qi nal 200 gramns). ' WD 97/ 06402

o BEAGED STEER TSR E o O 18 E‘a"ggm"wnme””'o?eﬁ‘?i?’ "

| | I re(s)
SR LR SRR e

Drawing(a) ; gagsHown--d& pageunctijon of time | 95. A strong pré /s

D5 Abstracire dpagedl. y.. g e pagéided..as a result| g ciiont
t-oh—waNvefromthe Pxnl QS V. i n contact—wm {&?:E; fjeill’i"f*

ooooo

-----

cartridge (see

by the expl gsiMegh

The pressure dec

flows into the
hol e bottom f or

10

15

20

about 4 mlliseconds. AMENDED CLAIMS

Figure 4). The pressure oscillates 97 as the gas generate

R 6C o t3b Dk Brdymakitfyidnf & Hhrd Robb@ind ¥&d+aBe Bjakhab! €.

TR bieR [Pse ol Impacth dammeriscand rsgal)?alcha:sgzaoalsm(mgcr easi ng
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devel oping fracture system The pressure i s shown on the

1) i im

1. A device for fracturing a hard material, comprising:

a cartridge; and ‘

a stemming means for stemming a hole in the material, the
hole containing the cartridge, the cartridge being located in
a bottom portion of the hole and adjacent to an end of the
stemming means and including an energetic substance, wherein
the energetic substance is positioned at a distance from a
downhole end of the stemming means to dissipate_/a/detonation
shock wave generated during detonation ,erf the energetic
substance to protect the stemming means from the detonation
shock wave.

2. The device of flafm 1,. wherein the cartridge
includes a cartrfdge base-positioned adjacent to the end of
the stemming means, the cartridge base having a second yield
strength that is less than a first yvield strength of the
stemming means, and an outer cartridge housing attached to the
cartridge base, at 1least a first portion of the outer
cartridge housing containing the energetic substance.

3. The device of Claim 2, wherein the second yield
strength is no more than about 75% of said first yield

strength.

_
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The perfbrmance of the a non-expl osive Chargé-i n-the-\—HeLe'_txel_th\using a
propellant is shown in Figure 14 by the cal cul at edgiressure hi story on

the bottom of the drill hol e. The calculation is f ,wﬂﬂmuﬁ t he

rock does not fracture and can be conpared to the i
Fi gure.-'10. The pressure 99 is shown as a function of tine 1do0. *There is a
distinct |ack of a pressure spi-ke and the-eg-pressure rises relatively -
slowy conpared to the SCB-EX nethod. The pressure decays 101 with tine
as the stemm.ng bar recoils (increasing the volune available); and as gas

- 62- WO 97/ 06402 PCT/ US96/ 12749
| eaks past the stenm ng bar. The pressure is shown on the hole bottom for
about 4 mlliseconds. The perfornmance of the a Gas-Ilnjector device

using a propellant i4-shofee idevRicgue® ClBipy2; Hihexglie uthr cRrprtdgubase

hi story on the bot%J thf égedfegoll t}gl e. T&ee cs%lel%ginat imggné Sin rLgIr)orEsréetgase

when the rock doesPrit“*fPacy AR &R Be g
the detonation shock wave.

25 5. The device of Claim 2, wherein the cartridge base is
conically shaped and a third portion of the outer cartridge
housing adjacent to the cartridge base is tapered to seal the
cartridge in the hole when the cartridge base recoils from the
detonation shock wave. |

30 6. The device of Claim 2, wherein a nose portion of the
outer cartridge housing is located at the opposite end of the
outer cartridge housing from the cartridge base and has a
thickness ranging from about 0.75 to about 5 mm and the
cartridge base has‘ a thickness ranging from about 50 to about

35 250 mm.

7. The device of Claim 1, wherein the energetic
substance is an explosive selected from the group consisting

of a mixture of ammonium nitrate and nitromethane, dynamite,

Composition 3, Composition 4, Octol, emulsion explosives,

40 water gel explosives, and gelignite.

8. The device of Claim 2, wherein the oputer cartridge
housing further comprises a second portion having a space for
controlling gas pressure in the hole,

9. The device of Claim 8, wherein the space has a space

45 volume and the energetic substance an energetic substance

-
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conpar ed to the SCB-EX exaﬁpl e of Figure 10 and the Chﬂmﬂﬂ w['!n t he-

exampl e of Figure 14. The pressure 102 is shown as Uu J”"’
103. There is a distinct lack .of a pressure spike an ses

relatively sl owl y conpared to t he SCB-EX nethod. The preéssure- decays
104 with tinme as the stemmng bar recoils (increasing the vol unme ,
avai l abl e); as gas | eaks past the stenm n9ar; and as the gas bl ows back -

up the barrel of the gas-jnjector. The pressure is shown on the hole
bottom for about 4 m | liseconds. The cal cul ated gas distribution
wi thin the Gas- I njector systemand hole bottomis shown in Figure 16.

The calculation is for the case when the rock fractures. The mass of

gas in the gas-ini echoruntOLMI®ei00, e BRSY Fepfls rxdiPaKB: SN I Spon:

system 106 and the mass of gas ted I nto 1€ Bot fractare

system 107 is shown 880% of f:hlélQeIrﬂeQQe@ifc siBBt k2. vo_'AﬁdU oxi mately 4
m||iseconds after the pressure has been on the bottomof the hole, a
fracture will have readRed Thee slgvitaacet)@f clhimr dek hegeiandtheheenargetic

fragnentati on can be consi dered c | et e. can be seepn, a significant
fragtlon of the gas ﬁ‘é%sqaé‘e’iﬁegsf?%%p grom a '8 5802 e nofe by'a second

50 distance of no more than about 15 mm.
11. The device of Claim 1, wherein the distance ranges
from about 0.5 to about 3.0 inches.
12, The device of Claim 2 wherein at least one of the
stemming means and cartridge base includes guidance means for
55 aligning the cartridge base relative to the end of the
stemming meéns. _
13. The device of Claim 1, wherein the stemming means
includes a primary inductance coil and the cartridge a
secondary inductance coil, with the primary and secondary
60 inductance coils being electrically coupled to one another for
initiating detonation of the explosive.
14. The device of Claim 1, wherein the cartridge has a
N’ length-to-diameter ratio ranging from about 1 to about 4.
:wfﬁffﬁf 15. The device of Claim 1, further comprising:
| 65 sealing.means for sealing the cartridge in a bottom of
the hole to pressurize the hole bottom and form a fracture
from a bottom corner of the hole.
16. The device of Claim 2, wherein the cartridge base
has a length-to-diameter ratio ranging from about 0.15 to

70 about 0.60.
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systen1(61 grans of the orlglnal 380 grans) Much of the

- 63- WD 97/ 06402
gas (145 grans of the original 380 grans) remains wthin ”I I l l

gas-injector. The gas remaining in the gas-injector afte

fragmentation is conplete may be the source of much of the a| r-bI ast and
energetic flyrock often associ at ed wi t#7a-hi s nmet hod. A possi bl e
rock excavation system based on the use of a SCB-EX systemis shown in

Fi gure 17. There are two articul ati ng boom assenblies 108 and 109
attached to a nobi | e undercarrier 110. The boom assenbly 108 has an -SCB-
EX smal | - charge bl asting appar atus 111 mopunted on it., The boom assenbl y

109 has an opti onal methanTBa ViR Clath Bakherein thegsharachps @ space
attachnent 113 Tor oYidg REOKEN spald Wil PahfE; WIS 268 B02cs URKEYOf5s

system 114 whi ch passes the en roc throug t he excavator to a
haul age  system (nelf sh®Wdtal volume of the outer cartridge housing.
18. A device for fracturing a hard material, the device
75 being placed in a hole in the hard material, the device
comprising:
an energetiq substance; and
N’ a reusable elongated member for stemming a hole in the
material and for impeding the escape of high pressure gases
8o released by the energetic substance from the hole; wherein the
elongated member is positioned in the hole and the energetic
substance is positioned in a bottom portion of the hole and
adjacent to the downhole end of the reusable elongated member.
19. The devicé of Claim 18, wherein the energetic
85 substance is contained in a cartridge and the cartridge
includes an outer cartridge housing having a base portion
attached to the cartridge base and a nose portion, the base
K;/ and nose portions being at opposite ends of the outer
cartridge housing, the outer cartridge housing including the
90 energetic substance in contact with the nose portion, wherein,
when the device is placed in the hole, the nose portion is
contacted with the bottom of the hole.
. 20. The device of Claim 19, wherein the outer cartridge
housing has an open space for controlling gas pressure in the

g5 hole.

— 4
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A typi cal indexing nmechani sm f or t he smal | - charge |ng apparatus i
shown in Figure 18. The indexing mechani sm 115 conn “Nﬁ“f&““
smal | -charge bl asting apparatus 116 to the articul at mm)m ﬂ ock

drill 118 and an SCB-EX insertion mechanism 119 are nsunted- o 5thé

I ndexer. 115. The boom 117 positions the indexer assenbly at the rock
face so that the rock dri*ll 118 can driki_a short hole (not shown) into
the rock face (al so not shown). Wen the rock drill 118 is wthdrawn
fromthe hol e, the indexer 115 is rotated about its axis 120 by a

hydraul i ¢ mechani sm 121 so as to align the SCB-EX insertion mechani sm 119
wWith the axis of the dridd htDre. devq:ﬁ% gcglggn 19, whereln at least about 50%

- 64- WO 97/ 064

PCT/ USO/ 12740 1 R GRSt She SIS EL BT S ST HEAREa S RS PRSP

hol e and the smal | - g6Bd GRnkSct LAty EdrdediEtdudatance.
22. A device for fracturing a hard material, the device
100 being placed in a hole in the hard material, the device
comprising:
a stemming bar extending into the hole from a point
outside the hole; |
a cartridge base in contact with a free end of the
105 stemming bar, the free end of the stemming bar being located
in the hole; and
an outer cartridge housing including an energetic
substance spaced from the cartridge base to dissipate a
detonation shock wave generated during detonation of the
110 energetic substance to protect the stemming bar from the
detonation shock wave.
23. The device of Claim 22, wherein the cartridge base
has a 1length-to-diameter ratio ranging from about 0.15 to
\_/ about 0.60 mm.

115 24, The device of Claim 22, vqherein the distance between

the energetic substance and the cartridge base ranges from
about 0.5 to about 2.5 inches.

25. The device of Claim 22, wherein the outer cartridge
housing has a thickness adjacent to a bottom of the hole

120 ranging from about 0.75 to about 5. mm.
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26. The device of Claim 22, further comprising:

an inner cartridge housing positioned within the outer
cartridge housing and contacting the cartridge base, the inner
cartridge housing containing the energetic substance and a
free space between the energetic substance and the cartridge
base.

27. The device of Claim 26, wherein the inner cartridge
housing has a wall thickness ranging from about 0.2 to about
1 mm.

28. The device of Claim 22, further comprising:

sealing means for sealing the device in the bottom of the
hole to pressurize a hole bottom and form a fracture from a
bottom corner of the hole.

29. .The device bf Claim 26, wherein the inﬁer cartridge
housing has a volume and the volume of the free space ranges
from about 17 to about 50% of the volume of the inner
cartridge housing.

30. The device of Claim 22, wherein the outer dartridge
housing further comérises a space for controlling the gas
pressure in the hole.

31. The device as in any of Claims 1-6 or 8-30, wherein

the energetic substance is an explosive.
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1. A device for fracturing a hard material, comprising:
a cartridge; and ' . '
a stemming means for stemming a hole in the material, the
hole containing the cartridge, the cartridge being located .in

a bottom portion of the hole and adjacent to an end of the

stemming means and including an energetic substance, whereih

the energetic substance is positioned at a distance from a’.

downhole end of the stemming means to dissipate a detonation

shock wave generated during defonation of the energetic
substance to protect the §Pemm1ng means from the detonation
shock wave.

2. The device of Claim 1,. wherein the cartridge
includes a cartridge base-positioned adjacent to the end of
the stemming means, the cartridge base having a second yield
strength that is less than a first yield strength of the
stemming means, and an outer cartridge housing attached to the
cartridge base, at 1least a first pofﬁion of the outer

cartridge housing containing the energetic substance.

3. The device of Claim 2, wherein the second yield

strength is no more than about 75% of said first yield

strength.

"Method and Apparatus for Controlled Small-charge Blasting of Hard Rock =@<.
and Concrete by Explosive Pressurization of the Bottom of a Drill Hole"

MDD CLATS |III|II| IR

[N

' R@LACEMENET EHEﬁ This Sheet Has Been R

I




stenm.ng means and including an energetic substance, wherein t he
energetic substance is positioned at a distance froma downhol e end of

the stemm ng neans to dissipate a detonation

during detonation of the energetic 10 substance to1m|"muﬁ“mﬂmm"ﬁ\ ng
means fromthe detonation shock wave. ¢The ®¥ew ce of
Claim 1, wherein the cartridge I ncl udes a cartrldge base positioned
adj acent to the end of the stenm ng nmeans, the cartridge base having a
second yield 15 strength that is lggs than a first yield strength of the
stenm ng nmeans, and an outer cartridge housing attached to the

cartridge base, at least a first portion of the outer cartridge
housi ng contai ni ng the energetic substance. _ 3. The device of
S ool NS 300 Hh oo P0r LRS! kel Y GaliBRagP Blse" >

plastically deforms before the stemming means in response to
the detonation shock wave. -

25 5. The device of Claim 2, wherein the cartridge base is
conically shaped and a third portion of the outer cartridge
housing adjacent to the cartridge base is tapered to seal the
cartridge in the hole when the cartridge base recoils from the
detonation shock wave.

30 6. The device of Claim 2, wherein a nose portion of the

outer cartridge housing is located at the opposite end of the

outer caftridge housing from the cartridge base and has a

thickness ranging from about 0.75 to about 5 mm and the

cartridge base haé a thickness ranging from about 50 to about

35 250 mm. | |

7. The device of Claim 1, wherein the energetic
substance is an explosive selected from the group consisting
of a mixture of ammonium nitrate and nitromethane, dynamite,
Composition 3, Composition 4, Octol, emulsion explosives,

40 water gel explosives, and gelignite.

8. The device of Claim 2, wherein the outer cartridge
housing further comprises a second portion having a space for
controlling gas pressure in the hole.
| 9. The device of Claim 8, wherein the space has a space

45 volume and the energetic substance an energetic substance

" This Sheet Has Been Replace




-67- - 4, The device of Claim2, wherein the cartridge base
plastically deforms before t he stemn' ng neans in response to t he

det onat i on Shock wave. : The device of Claim2, wherein the
cartridge ba 1y shaped and a third portion of t he outer
cartridge |“|mml||“lllm1umnt to the cartridge base is tapered to seal

t he cartridge ¥ nMhé hdl e when the cartridge base recoils fromthe

det onati on shock wave. 6. The device of Claim2, wherein a
nose portion of the outer cartrit@e housing is |located at the opposite
end of the outer cartridge housing fromthe cartridge base and has a

t hi ckness ranging fromabout 0.75 to about 5 nmand the. cartri dge base
has a thickness ranging fromabout 50 to about 35 250 mm 7.
The device of C ai molime avkertdien spebe veEmsegebnges fromsuabsta@ndm it about

expl osi ve selected fromthe oup consi stin of a m xture of ammoni um
nitrate and nitronet PIAE, °%;Fg‘§m°-’f“’ergetlc s SPtYON™8: Conposition 4,

Cetol, enul sion eXpIOSIVef0. The device of Claim 1, ‘wherein the energetic

substance is spaced from a bottom of the hole by a second

50 distance of no more than about 15 mm.

11. The device of Claim 1, wherein the distance ranges
from about 0.5 to about 3.0 inches.

12. The device of Claim 2 wherein at least one of the
stemming means and cartridge base includes guidance means for

55 aligning the cartridge base relative to the end of the
stemming means. .

13. The device of Claim 1, wherein the stemming means
includes a primary inductance coil and the cartridge a
secondary inductance coil, with the primary and secondary

60 inductance coils being electrically coupled to one another for
initiating detonation of the explosive.

14. The device of Claim 1, whereiﬁ the cartridge has a
length-to-diameter ratio ranging from about 1 to about 4.
15. The device of Claim 1, further comprising:

65 sealing means for sealing the cartridge in a bottom of
the hole to pressurize the hole bottem and form a fracture
from a bottom corner of the hole.

16. The device of Claim 2, wherein the cartridge base
has a length-to-diameter ratio ranging from about 0.15 to

70 about 0.60.
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40 water 'gel explosives, and gelignite. 8. The devi ce of
Caim2, wherein the outer Cal'ﬂl]lﬂﬂl'lllllllulllu]ﬂMSI ng further conprises a
second portion having a spacel ' | 1ing gas pressure in the
hol e. 9.  The device 6f Odl m®, *wherein the space has a space
45 volune and the energetic substance an energetic substance
- 68- vol une and the space volf6%e ranges from about 200 to about
500% of the energetic substance vol une. 10. The device of daim
1, wherein the energetic substance is spaced froma bottom of the hol
by a second 50 distance of no nore than about 15 nm 11. The
device of Caim1, wherein the distance ranges

17. The device of Claim 8, wherein the space has a space

volume and the space volume ranges from about 50 to about 75%
of the total volume of the outer cart;idge housing.
18. A device for fracturing a hafd material, the device
75 Dbeing placed in a hole in the hard material, the device
comprising: )
an energetiq substance; and
a reusable elongated member for stemming a hole in the
material and for impeding the escape of high pressure gases
80 released by the enérgetic substance from the hole; wherein the
elongated member is positioned in the hole and the energetic
substance is positionéd in a bottom portion of the hole and
adjacent to the downhole end of the reusable elongated member.
19. The device of Claim 18,. wherein the energetic
85 su.bstance is contained in a cartridge and the cartridge
includes an outer cartridge housing having a base portion
attached to the cartridge base and a nose portion, the base
and nose portions being at opposite ends of -the outer
cartridge housing, the outer cartridge housing including the
90 energetic substance in contact with the nose portion, wherein,
when the device 4is placed in the hole, the nose portion is
contacted with the bottom of the hole.'
20. The device of Claim 19, wherein the outer cartridge

housing has an open space for controlling gas pressure in the

95 hole.
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fromabout 0.5 tao about—3-0 inches. 12. The device of Caim?2
wherei n at | east one’of {ihe stemm ng neans and cartridge base incl udes

glﬁll dancennmmw\r‘u@ l‘ ligning the cartridge base relative to the end of
the .

13. The device of daim1l, wherein the
st enm ng tredns " |ncludes a primary inductance coil and the
cartridge a secondary inductat¥de coil, with the prinmary and secondary
60 inductance coils being electrically coupled to one another for
initiating detonation of the expl osive. 14. The device of Caim
1, wherein the cartridge has a. . length-to-dianeter ratio ranging from
about 1 to about 4. 21. TheSdeTime dévibeimofid9Cviiemeln dturlidast about 50%
conprising: 65 seal ing neans for sealing the cartridge in a bottom

of the hol e to Yr EB& RTe ot hEPh AIosepBY I AP AP IRGEARA Fiadohfem of the

froma bottom cornen 9t LHe NALihe energetic LobsdilEdevice of daim 2,
wherein the cartridge base has a engt(f'u to-di ameter ratio ranging from

about 0.15 to 70 about2f.6Q device for fracturing a hard material, the device

100 being placed in a hole in the hard materiai, the device
comprising:

a stemming bar extending into the hole from a point
outside the hole;

a cartridge base 'in contact with a free end of the

105 stemming bar, the free end of the stemming bar being located
in the hole; and

. an outer cartridge housing including an energetic
substance spaced from the cartridge base to dissipate a
detonation shock wave generated dl_lring detonation of the

110 energetic substance to pz:qtect the_ stenmi_ng__ lgar_.__fron.x tl'_1_e
detonation shock wave.

23. The device of Claim 22, wherein the cartridge base
has a length-to-diameter ratic ranging from about 0.15 to
abput 0.60 mm.

115 24. The device of Claim 22, wherein the distance between
the' energetic substance and the cartridge base ranges from
about 0.5 to about 2.5 inches. |

25. The device of Claim 22, wherein the outer cartridge
housing has a thickness adjacent to a bottom of the hole

120 ranging from about 0.75 to about 5. mm.
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-69- . ¢ 17. The device of Caim@8, wherein the space has a space
vol unme and t he space vol une ranges fron1about 50to ahnnf 75% Aof the
total volune of the outer cartrldge

housi
fracturing a hard material, the device 75 bei ng”"lmm II;I“; HIB |n the
hard material, the device conpri si ng:

subst ance; and a reusabl e -2lengat ed menber or stenn1ng a hole in
t he material and for inpeding the escape of high pressure gases 80
rel eased by the energetic substance fromthe hole; wherein the

el ongated nenber is positioned in the hole and the energetic - substance
Is positioned in a bottom portion of the hole and adj acent to the _
downhol e end of the reusabl e el ongated nenber. 19. The device of
Claim 18, wherein the quggeghg dgyicesgpqhggﬁez a ned %Q a cartridge
and the cartridge includes an outer cartrid ou5|ng aV|n§;a base
portlon an inner cartridge housing p051tloned within the outer

cartridge housing and contacting the carfridge base, the inner
cartridge housing containing the energetic substance and a
125 free space between the energetic substance and the cartridge
base.
27. The device of Claim 26, whereip the inner c¢artridge
housing has a wall thickness ranging from about 0.2 to about
1 mm.
130 28. The dé&iée'of Claim 22, further comprising:
sealing means for sealing the devicé in the bottom of the
hole to pressurize a hole bottom and form a fracture from a
bottom corner of the hole.
29. The device of Claim 26, wherein the inner cartridge
135 housing has‘'a volume and the volume of the free space ranges
from about 17 to about 50% of the volume of the inner
cartridge housing.
30. The device of Claim 22, wherein the outer cartridge
i housing further comérises a space for controlling the gas
140 pressure in the hole.
31. The device as in any of Claimsll—G or 8-30, wherein

the energetic substance is an explosive.
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attached to the cartridge base and a nose portion, the base
portions being at opposite ends of the guter. cartridge housi

outer cartrid ing the PO REEAEMENTSEREISCEe SG CO
with the noseﬂmmﬂmmum wh i tDescrigticncepagsd pl..ac eshged .. .h
the nose portien §st " éontacted with] tB& msom q:faf;échgﬁ holm ed=H
20. The device of Claim19, wherein the dﬂﬂhawu%ﬂnnpggﬁ

open space for controlling gas pressure| il ABzeact95 :

-70-

and
ng,

21. The device of Chim 19, mhereln aIm J’Oed

of the area of the nose portiopggont act quTﬁ%QFq&ﬁﬁ‘ ( 1hﬁbo

contacts the energetic substance.

{T,

Hou
h

=fnrefr-act y

hard material, the device
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"Controlled Small-Charge Blasting by Explosive"

CLAIMS

Wh i laim is: .

1. A device for fracturing a hard material, comprising:

a cartridge; and . -

a stemming means for stemming a hole in the material, the
hole containing the cartridge, the cartridge being located in
a bottom portion of the-hole and adjacent to an end of the
stemming meané and including'an energetic substance, wherein
the energetic substance is positioned at a distance from a
downhole end of the stemming means to dissipate a detonation
shock wave generated during detonation of the energetic
substance to protect the §temm1ng means from the detonation
shock wave.

2. The device of Claim 1,' wherein the cartridge
includes a cartridge base-positioned adjacent to the end of
the stemming means, the cartridge base having a second yield
strength that is less than a first yield strength of the
stemming means, and an outer cartridge housing attached to the
cartridge base, at least a first portion of the outer
captridge housing containing the energetic substance.

3. The device of Claim 2,-wherein the second yield
strength is no more than about 75% of said first yield

strength.
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place in hoI in material, the device
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the 105 stennlng bar {he'free end of the stenm ng bar being | ocated
in the hole; and an outer cartridge housing including an
energetic subst ance spaced fromthe cartridge base to dissipate a

det onati on shock wave generated during detonation of the 110

substance to protect the stemming bar fromthe

energetic

det onati on shock wave.

23. The device of Caim22, vwherein the cartridge base has a
| ength-to-dianeter ratio ranging fromabout 0.15 to about 0.60 nm
115 24. The device of Claim22, wherein the distance between

the energetic substance and the cartridge base ranges from

to about 2.5 inches.
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the detonation shock wave.

5. The device of Claim 2, wherein the cartridge base is
conically shaped and a third portion of the outer cartridge
housing adjacent to. the cartridge base is tapered to seal the
cartridge in the hole when the cartridge base recoils from the
detonation shock wave.

6. The device of Claim 2, wherein a nose portion of the
outer cartridge housing is located at the opposite end of the
outer cartridge housing from the cartridge base and has a
thickness ranging from about 0.75 to about 5 mm and the
cartridge base haé a thickness ranging from about 50 to about
250 rmm. ‘

7. The device of Claim 1, wherein the energetic
substance is an explosive selected from the group consisting
of a mixture of ammonium nitrate and nitromethane, dynamite,

Composition 3, Composition 4, Octol, emulsion explosives,

~water gel explosives, and gelignite.

8. The device of Claim 2, wherein the outer cartridge
housing further compfises a second portion having a space for
controlling gas pressure in the hole.

9. The device of Claim 8, wherein the space has é space

volume and the energetic substance an energetic substance

about 0.5

25. The device of Claim?22, wherein the
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volume and the space volume ranges from about 200 to about
500% of the energetic substance volume.

10. The device of Claim 1, wherein the energetic
substance is spaced from a bottom of the hole by a second
distance of no more than about 15 mm.

11. The device of Claim 1, wherein the distance ranges
from about 0.5 to about 3.0 inches.’

12. The device of Claim 2 wherein at least one of the
stemming means and cartridge base includes guidance means for
aligning the cartridge base relative to the end of the
stemming means. o |

13. The device of Claim 1, wherein the stemming means
includes a primary inductance coil and the cartridge a
secondary inductance coil, with the primary ;nq secondary
inductance coils being electrically coupled to one another for
initiatihg detonation of the explosive.

14. The device of Claim 1, wherein the cartridge has a
length-to—-diameter ratio ranging from about 1 to about 4.

15. The device of Claim 1, further comprising:

sealing means for sealing the cartridge in a bottom of
the hole to pressurize the hole bottom and form a fracture
from a bottom corner of the hole.

16. The device of Claim 2, wherein the cartridge base
has a 1length-to-diameter ratio ranging from about ©.15 to

about 0.60.
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hol e to pressurize a hole

-71-" 26.—The device of Caim?22, further conprising:
-an'inner cartridge housing positioned within the outer cartridge

housi ng anﬁlmmﬂmglnmwlamﬂllcart ri dge base, the inner cartridge

housi ng cohil helehg getic substance and a 125 free space between

t he energeti’c “subst’ance and the cartri dge base. 27. The

device of Claim26, wherein the inner cartridge housi ng has a wal |

t hi ckness rangi ng fromabout 0.2 to about 1 nm 130 28. The

device of Claim 22, further conprising: seal i ng neans for



bot t om corner of the hol e. 29.__The device of Oaim 26, wherein

.the inner cartridge 135 housing has a volunme and the volune of the free

space ranges fromabout 17 to aboﬂﬂ"ﬂunﬂ ' ume of the inner
cartridge housing. 30. The d ﬂ)m, Mm wherein the

outer cartridge housi ng further conpri Sesta ®space+*tor controlling the
gas 140 pressure in the hole. 31. The device as in any of
Clains 1-6 or 8-30, wherein _gg_ the energetic substance is an expl osive.

17. The device of Claim 8, wherein the space has a space
volume and the space volume ranges from about 50 to about 75%
of the total volume of the outer cartridge housing.
18. A device for fracturing a hard material, the device
75 Dbeing placed in a hole in the hard material, the device
comprising: )
an energetic substance; and
a reusable elongated member for stemming a hole in the
material and for impeding the escape of high pressure gases
80 released by the enérgetic substance from the hole; wherein the
elongated member is positioned in the hole and the energetic
substance is éositionéd in a bottom portion of the hole and
adjacent to the downhole end of the reusable elongated member.
19. The device 6f Claim 18, wherein the energetic
85 substance is contained in a cartridge and the cartridge
includes an outer cartridge housing having a base portion
attached to the cartridge base and a nose portion, the base
and nose portions being at opposite ends of .the outer
cartridge housing, the outer cartridge housing including the
a0 energetic substance in contact with the nose portion, wherein,
when the device is placed in the hole, the nose portion is
contacted with the bottom of the hole.'
207 The device of Claim 19, wﬁerein the outer cartridge
housing has an open space for controlling gas pressure in the

a5 hole.
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21. The device of Claim 19, wherein at least about 50%
of the area of the nose portion contactigg the bottom of the
hole contacts the energetic substance.

22. A device for fracturing a hard material, the device
being placed in a hole in the hard material, the device
comprising:

a stemming bar extending into the hole from a point
outside the hole;

a cartridge base in contact with a free end of the
stemming bar, the free end of the stemming bar being located
in the hole; and X

. an outer cartridge housing including an energetic
substance spaced from the cartridge base to dissipate a
detonation shock wave generated dpring detonation of the
energetic substance to protect the stemming bar from the
detonation shock wave.

23. The device of Claim 22, wherein the cartridge base
has a length-to-diameter ratio ranging from about 0.15 to
about 0.60 mm.

24. The device of Claim 22, wherein the distance between
the energetic substance and the cartridge base ranges from
about 0.5 to about 2.5 inches.

25. The device of Claim 22, wherein the outer cartridge

housing has a thickness adjacent to a bottom of the hole

ranging from about 0.75 to about 5. mm.
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26. The device of Claim 22, further comprising:

an inner cartridge housihg positioned within the outer
cartridge housing end contacting the cartridge base, the inner
cartridge housing containing the energetic substance and a
free space between the energetic substance and the cartridge
base.

27. The device of Claim 26, wherein the inner cartridge
housing has a_Qall thickness ranging from about 0.2 to about
1 mm.

28. The dé;iée of Claim 22, further comprising:

sealing means for sealing the device in the bottom of the
hole to pressurize a hole bottom and form a fracture from a
bottom corner of the hole.

29. The device of Claim 26, wherein the inner cartridge
housing has'a volume and the volume of the free space ranges
from about 17 to about 50% of the volume of the inner
cartridge housing. |

30. The device of Claim 22, wherein the outer cartridge
housing further comérises a space for controlling the gas
pressure in the hole.

31. The device as in any of Claims'l-G or 8-~30, wherein

the energetic substance is an explosive.
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