EXPLOSI VE CHARGA NG TECHNI CAL FI ELD The present invention relates to

expl osi ve charging, and in particular to a nmethod of charging a

subst ant iwbl2gimsissscal borehol e with a coherent string exmTtAugosfowomea hose
end opening, wherein the exiting string only partially fills up the
borehol e di ameter. This can best be described as vertical string charging.
Accordingly, the present invention rel at s to a nethod for char gi ng
explosives in a substantially vertical blast borehole, with a | oading
density reduced in relation toBEXRkOSEVECCHARGINGt 0 t he conplete fill up
of the borehole dianeter with the explosive in bulk form BACKGROUND ART |
n the mning environnment, explosive charges are used to renove rock and
ot her ground material as part of normal mning operations. Explhosivle

enul sions are often used t o provide the expl osive energy. Such enul sions
are fluid ??EWQJJ&&L EBEED ve matter which can be sprayed into the

| ocatiomss where it will be used. A typical arrangenment for the purposes of
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10  vertical string charging.

Accordingly, the present invention relates to a method for charging
explosives in a substantially vertical blast borehole, with a loading density
reduced in relation to that corresponding to the complete fill up of the

15 borehole diameter with the explosive in bulk form.

BACKGROUND ART

20 In the mining environment, explosive charges are used to remove
rock and other ground material as part of normal mining operations.
Explosive emulsions are often used to provide the explosive energy. Such
emulsions are fluid or viscous cohesive matter which can be sprayed into
the locations where it will be used.

25

A typical arrangement for the purposes of explosive removal is to
have an underground, substantially horizontal passageway (drive), with
downwardly extending hollow shafts or “blast holes”. Such blast holes are
often arranged to fan outwardly in a downward or upward direction from the

30 drives in a series of blast holes transversely from the direction of the drive.
Accordingly, such formations are known as “fanned rings”. Indeed, there
are usually a number of adjacent groups of fanned rings, with their

openings into the floor of the passageway being arranged in rows.



openings into the floor of the passageway being arranged in rows.It is

I nportant to carefully control the energy of the explosive forces used, to
ef fect pewDreetoars1sm8d brow control of blasting in mni ngPpradzedsvoon4ar eas
and to effect suitable explosive energy distribution in fanned rings. | n
particular, it is inmportant to mnimze undesirable damage to surrounding
rock and earth natter, and thereby delinft the zone in which the expl osive
energy will renove such rock and other matter during blasting. Al so, given
the fan-li ke arrangenent of the rings, it will be appreciated that the
rings are cl oser t.he ppe hei r .| ower
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density can sed to | ower the expl osive ener abl I es towards the
upper ends of the rings. However, in order for the epr05|ve enul sions to
be effective, ni.mum desi rab denS| is 0.8 cm3. To.co nsat e
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remove the intermediate rock and other matter needs to be less towards
the upper ends of the rings given the compounded effect of the explosions
in the multiplicity of adjacent rings.
15
One method of achieving this is to reduce the density of the explosive
charges in an upward direction, towards the upper ends of the rings.
However explosive emulsions are not particularly practical for such use for
reasons mentioned below.
20
The density of the emulsion can be reduced by an aerating process
and this reduction in density can be used to lower the explosive energy
capabilities towards the upper ends of the rings. However, in order for the
explosive emulsions to be effective, the minimum desirable density is 0.8

25 g/cm3.

To compensate for the minimum effective density of the emulsions, in
addition to reducing the density, the overall compounded explosive energy
can also be reduced by providing the explosive emulsions up to different

30 heights in the respective rings, to form a staggered arrangement. However,
this process of inserting such emulsions is cumbersome and time-

consuming and not particularly effective.



hei ghts in the respective rings, to forma staggered arrangenent. However,
this process of inserting such enulsions is cunbersone and tinmeconsum ng
and not paotooulsassBy ef f ecti ve. Anot her probl em of the kroWmaureddo4of
sprayi ng expl osive enulsion in blast holes is that the overall weight of
the emulsion in the blast hole is such that, as a result of hydrostatic
pressures and the reology of the enulsion, only a limted colum hei ght of
the enul sion (usually 35mto 45m dependi ng on whether the emulsion is
applied in an ufnfsher oprefdem Hefi eth@i rlgrawnmethndbeofs gppayingd. exmosivier
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al) discloses a nethod for chargi ng explosives in substantially horizontal
bor ehol es. HIFETIRBY K8 REOFYRR ‘the steps of introducing a charging hose
with an end opening into at | east one substantially horizontal borehol e of

a blasting round. A punpable and coherent bul k explosive is then punped
t hrough t he chargiotgeheyeilahle anetimd of Ireduciageexpiosiveiendrguniedosuse sh-t he
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material and the surfaces (inner walls) of the holes. The open spaces allow

dissipation of the explosive energy.

15 United States patent no. 5584222 (Engsbraten et al) discloses  a
method for charging explosives in substantially horizontal boreholes. The
method comprises the steps of introducing a charging hose with an end
opening into at least one substantially horizontal borehole of a blasting
round. A pumpable and coherent bulk explosive is then pumped through the

20 charging hose at a controlled rate, and simultaneous with the pumping of
the explosive, the hose is withdrawn at a controlled rate. In this way, the
pumping and withdrawal rates are adjusted to form a coherent string
exiting from the hose end opening. The exiting string only partially fills up
the borehole diameter. This can best be described as horizontal string

25 charging.

In other words, the exiting string of explosive has a diameter that is
considerably smaller than the diameter of the substantially horizontal bore
hole. As the borehole is substantially horizontal, under the influence of

30 gravity, the exiting string sits on only the lower surface of the borehole. It
can be appreciated that such a system would therefore not be particularly

suitable for substantially vertical bore holes, as the overall weight of the



charging. In other words, the exiting string of explosive has a dianeter
that is considerably smaller than the dianeter of the substantially

hor i zont avolkzorensnssBe. As the borehole is substantially I[roTiAdanwaiol44ander
the influence of gravity, the exiting string sits on only the |ower surface
of the borehole. It can be appreciated that such a systemwould therefore
not be particularly suitable for substarftially vertical bore holes, as the
overall weight of theemulsion and as a result of hydrostatic pressures, the
emul si on wamhualsioot asti @k at resutthef biydeostattit prefsurke, wes tensakioponeld st One

previous atteppt at providin met hod and apparatus for chargi ng borehol es
with expl OSSF'GEE? A i% e walls ttgﬁl‘(,ﬁ iga! ?J%"@h\ﬂﬁ)sh substantially vertical

boreholes, is described in United States patent no. 6397754 (Perlid). This
docunent discloses a nethod and a device for charging boreholes with
expl osi ves. One @Rl pevidks attangph@thesevidind ra rmethed! and sappdretumtfoal | y
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arranged on the end of the charg’lur,l? hose, in the formof a hollow cone and
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charging hose at a controlled rate and substantially simultaneously with the
pumping of the explosive the charging hose is withdrawn from the borehole

at a controlled rate.

15 Unlike the method described in United States patent no. 5584222, in
United States patent no. 6397754, the explosive is caused to flow out from
a nozzle, arranged on the end of the charging hose, in the form of a hollow
cone and at high pressure, so that the outflowing explosive is given
increased viscosity and by virtue of the high outflow rate cohesively adheres
20 to the entire cylinder-shaped wall portion of the borehole, upon which the
explosive impinges in connection with the outflowing. With the aid of a

centering device, the nozzie is centred in the borehole.

In other words, the nozzle is adapted to spray the explosive in the

25 form of a hollow cone towards the cylinder-shaped wall of the borehole,

where the explosive is deposited as a ring in the borehole. This can best be
described as vertical, cylindrical decoupled charging.

It is an object of the present invention to provide an explosive

30 charging, and in particular a method of charging that overcomes or

ameliorates the disadvantages of the prior art, or at least provides a useful
alternative thereto.



expl osi ve inpinges in connection wth the outflowing. Wth the aid of a
centering device, the nozzle is centred in the borehole. | n other words,
t he nozzlwoizs10adaisBed to spray the expl osive in the formCofAzoivaiolay cone
towards the cylinder-shaped wall of the borehole, where the explosive is
deposited as a ring in the borehole. This can best be described as
vertical, cylindrical decoupled charginéi It is an object of the present

i nvention to provide an expl osive charging, and in particular a nethod of
char gi ng t IRESCAMRSUREOFOTHEMNVENIFIONt he di sadvantages of the prior art,
or at |least provides a useful alternative thereto.D SCLOSURE OF THE

| NVENTI ON According to a first aspect of the present invention there is

provided a met hagcofdind @b @ At sPees bF Bfe pResent URpemitn Bhére ¥ rbikrRld ! ast
borehole, with a | oading density reduced in relation to that correspondi ng
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rate so ast o forma coherent strlng of the exp osi ve enul si on eX|t|ng
from t he néghtrelledHureping Fates suehdhahithepeimuisien yis sprayed by the nozzle

laterally relative to the travel direction, in an arc formation extending
around an axis of the nozzle, which axis is parallel to the travel direction,
and onto an inner wall of the blast hole; and adjusting the pumping rate
15 and the controlled moving rate so as to form a coherent string of the
explosive emulsion exiting from the nozzle, whereby the string only partially

fills up the blast borehole diameter.

Preferably, step (iii) includes forcing the explosive emulsion though
20 the nozzle such that the emulsion is sprayed by the nozzle at a spray angle
to said direction of travel, the spray angle being in the range of 75 to 85

degrees.

Preferably, step (ii) includes moving the nozzle along the blast hole in

25 the travel direction at a varying speed, which varies at a steady rate, while
step (iii) includes forcing the explosive emulsion at a substantially constant
rate, such that the volume of explosive emulsion sprayed onto the inner

wall, per unit length of the blast hole, varies along the blast hole.

30 Preferably, the nozzle is adapted to spray-said emulsion in said arc

formation.



fills up the blast borehole dianeter. Preferably, step (iii) includes
forcing the explosive enul sion though the nozzle such that the enmulsion is
sprayed byothw/osossgl e at a spray angle to said directi orCofaAltzn@el442t he
spray angle being in the range of 75 to 85 degrees. Preferably, step (ii)

i ncludes noving the nozzle along the blast hole in the travel direction at
a varying speed, which varies at a steady rate, while step (iii) includes
forcing the explosive enulsion at a substantially constant rate, such that
the vol une of expletaiabéy,emgrithg@mmepnayad ontrodubed iintertheabbre-poete. Umhe

length of the blast hole, ' | the bl ast _hole. Preferably, th
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wi t hdr anal atdhesigaitingapeaiisel exress wé tha SKppMeenkifbthe maintpast ofihei ng
nmeans ig e S try tod e.mapn_nart  of _t r

| engt h. gTh)étﬁ)g—?(che(ssuse L%@l&ﬁt Trg:'go talyﬂe?fngyhg ﬁgﬁgya'ﬁgahggeatha%h%r)ac\&valtﬂgggt er
the start ofitpdrawal@ftdritherstartsefepumpioat.i on, the word “"vertical" or
"vertically" (for exanple in the expression "vertical string") is to be
under st ood as neani ng upright or uprightly, respectively, or upward or
upwar dl y, respedhnithis gpetifitatsen,tthe word ewdrtichPasd Wértidapyt gor @kBaipie s& and
is thus not, to be in_ter‘pret,ecf to npan |iteral I%/ vertical or vertically.
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context clearly indicates otherwise and is thus not to be interpreted to mean

literally vertical or vertically.

Also, within this specification a string is a line of explosive that only
15 partially fills up the borehole diameter, having a diameter that is

considerably smaller than the diameter of the borehole.

BRIEF DESCRIPTION OF THE DRAWINGS
20
Preferred embodiments of the invention will now be described, by

way of example only, with reference to the accompanying drawings in
which:

25 FIG 1 is a schematic perspective view of a “180° nozzle” in

accordance with a first aspect of the present invention;

FIG 2 is a schematic section view through a blast hole in which a
method according to an embodiment of the invention is performed,
30 illustrating the spraying of an arc of explosive emulsion onto the inner wall

of the blast hole utilising the nozzle of FIG 1; and



considerably smaller than the dianeter of the borehol e. BRI EF DESCRI PTI ON
OF THE DRAW NGS Preferred enbodi nents of the invention will now be

descri bedyvoliomaysssf exanple only, with reference to thecaaaunpaoyisag
drawings in which: FIG 1 is a schematic perspective view of a "180 nozzl e"
I n accordance with a first aspect of the_present invention; FIG2 is a
schematic section view through a bl ast hol e in which a nmethod accor di ng to
an enbodi ment of the invention is performed, illustrating the spraying of
an arc of expl odile3 dsrahsenjargad schematinsectionds! lview dfitbeldprayinigcdregle of

utilising t of F ;,andFIG 3 is an enlarged schematic sectional
vi ew of thetjﬂgpro%féngh%‘ﬁﬁlué%g; ]t‘he nozzl e shown in FIG 1. BEST MODE FOR
CARRYI NG OQUT THE | NVENTI ON The present invention generally relates to

expl osive charging, and in particular to a nethod of charging a

substantially vertical borehole 50 with a coherent string 30 exiting froma
hose end opening 16, wherein the exiting string only partially fills up the

bor ehol ¢ dipEst MODE'FOR CARIRPINGCOUASTHEPENVENTMON! cal string charging.
Referring to FIG 1 there is shown a schematic representation of a

commercially avail abl e nozzl e 10 which can be used to performpart of a

hod di ' ' ti i ' ow. The
nozz e 10° 1 nel une pPbeRT GRS oBhelally (T4 (o BepBRy o RTa G dfe 2
aperture lZartibolae teta chetthodr ef clsargire bl adistentialy vetticalwdrehalke B@iwith

opening 16 aatco"mg(r:"e e%\’:rpnhgerﬁlo C)efxittlrt]ge fcrigr];"ll %C}'mlogg (\a’\rk1le Idpetnri]r(lag Ofg,qugerein the
10 exiting string only partially fills up the borehole diameter. This can best be
described as vertical string charging.

Referring to FIG 1 there is shown a schematic representation of a
commercially available nozzle 10 which can be used to perform part of a

15 method according to an embodiment of the invention, as described below.

The nozzle 10 includes an inner passage (not shown) opening out
through an aperture 12, above which there is a deflection wall 14, with an
exit opening 16 at the periphery of the deflection wall, the opening

20 extending partially around the aperture.

The nozzle 10 also includes a screw thread 18 and a spanner
engagement formation 20. The nozzle 10 is adapted to be connected to a
hose (not shown in FIG 1), by means of a spanner or other suitable tool

25 engaging the spanner engagement formation 20, for use in spraying an

explosive emulsion (also not shown in FIG 1).

The emulsion is directed by the hose into the nozzle 10 as indicated

by the arrow 22, so that the emulsion exits via the aperture 12 and is then

30 deflected by the deflection of wall 14. In this manner, the emulsion can be
sprayed, by the nozzle 10, in a formation extending 180° to 200° about an

axis 24 of the nozzle as indicated by the arrows 26. It will be appreciated

that the spray formation around the nozzle 10 is thus arc-shaped.



extending partially around the aperture. The nozzle 10 al so includes a
screw thread 18 and a spanner engagenent formation 20. The nozzle 10 is
adapt ed twoheloosmisect ed to a hose (not shown in FIG 1), POY/AtReY00f42 a
spanner or other suitable tool engagi ng the spanner engagenent formation
20, for use in spraying an explosive enulsion (also not showmn in FIG 1).

The emulsion is directed by the hose int® the nozzle 10 as indicated by the
arrow 22, so that the enulsion exits via the aperture 12 and is then
deflected by the deflection of wall 14. | n this manner, the enul sion can

be sprayed, by t nozzle 10, _in_a _formation extendin 80 to 200 ahout an
axi sp24yof t hg ETrH"%QOY"nEﬂ Eiaéjgd there 'ﬁéfbﬂwm?@eﬁat?qaﬁw I CrREs-£6pFERI at ed

that the sphpoudioamebiidal alasndotéteolaoz@!lig 3 Omirfe.t e HEs: BBARSSeReh a5 i ng
nowto FIG 2, there is shown, scherratlcallﬁ a cross-section through a

vertical bisabstasialiydiubuiay, ihnavingrandnnemwalli52st bor ehol e 50 i s
substangial ly tubular, having an inner wall 52. There is shown, disposed in
the verfical blast borehol e 50, a nozzle 10 which is for up- hol e char gi ng
of the bl ast borldteseds s‘ﬁwvmodlsbeselcbm $hat\leat|haldbtastebdrrebeleSEO( landozzaé ed in

el sion, v s e dnstiid Kharef8 RS Biod BoBdi o TR ReE Rl ds 56

al so shown attagpledntona | hewes 54f andﬂéatwnm tdrem@ihzllme&v WHAgH ds} hhotigh, t he
vertical blast borehole 50. In a preferred enbodi nent, the neans 56 is
const i t ut efoBPerled 1903 sogce ohexpiasive espulsinn itlichgs 1ok shewst & I ehr ough
t he venpi cal bl ast borehole 50 is connected to a conputer-actuated

controller 57, which controls the rate at which the neans pulls the nozzle
t hrough the vertTh@ae is also provided a means 56, also shown in phantom lines, for

drawing the nozzle 10 upward through the vertical blast borehole 50. In a
preferred embodiment, the means 56 is constituted by the hose 54.

15 The means 56 for moving the nozzle 10 through the vertical blast
borehole 50 is connected to a computer-actuated controller 57, which
controls the rate at which the means pulls the nozzle through the vertical

blast borehole.

20 In use, the hose 54 is adapted to direct explosive emulsion into the
nozzle 10, and the nozzle then sprays the emulsion laterally outwards in an

arcuate pattern, onto the inner wall 52, as indicated by the arrows 60.

As best shown in FIG 3, the configuration of the nozzle 10, and in
25 particular the deflection wall 14, is such that the angle 58 at which the
emulsion is sprayed is in the range of 75° to 85° from the direction of travel
of the nozzle 10 through the vertical blast borehole 50. This direction, which
is substantially parallel to the axis 24 of the nozzle 10, is indicated by the
arrow 59, and the direction of spraying is indicated by the arrows 60.
30 _
The rate at which the controller 57 causes the nozzle 10 to move
through the vertical blast borehole 50, and the rate at which the emulsion is

sprayed from the nozzle in an arcuate dispensing pattern, is such that the



bl ast borehole. In use, the hose 54 is adapted to direct explosive enul sion
into the nozzle 10, and the nozzle then sprays the enmulsion laterally

out war ds WQ 2arp/&is88at e pattern, onto the inner wall 52, pag/Atrdivoatad by t he
arrows 60. As best shown in FIG 3, the configuration of the nozzle 10, and
in particular the deflection wall 14, is, such that the angle 58 at which
the enmulsion is sprayed is in the range of 75 to 85 fromthe direction of
travel of the nozzle 10 through the vertical blast borehole 50. This

di rection, enpilsion fprenmat eatiarant yepgiaahiskrng t30 ohea epdrtionofothet thmemnoxall e 10,

I's 1 ndicat e e direct] of, |ng. i s 1 ndi ed by
the arr O\A/s%%ogyfhg ¥%§fg8gtb$ag i 2 thh%'cﬂjr‘f%r%%}/gg q\#ugg{?ﬁfgl %}oﬁﬂgzgﬁ gﬁ%o to
move t hr ougimérhdianeetierrcafl the didst Haoreholee56 Osubsbantidiey fiadee ofitthatexpiodite

emul sion is sprayed fromthe nozzle in an arcuate dispensing pattern, is
such t hat t%@ﬁﬁ%si on forns a coherent vertical string 30 on a portion of
the inner wall 52 of the vertical blast borehole. This | eaves a substanti al
portion of the inner dianeter of the blast borehole 50 substantially free
of the expl osi vBYeliMing @ calierest Mefirah stione BOnel MempRbla explosivg, 30idT

purpabl e exp3hualA|I€ BuPth¥ BIEEH B&teh¥|d tldniedliisd e VRH41S0nREGFEOLR
di anet er 50, ggveralw\@ Jgegt Ives are (?Jgacheg.a@%% exd[:ﬂhsgesi ve |?Jse{“?&ﬁeeed not
be highly deachestd, with correspondi ng probl ens, but energy reduction is
acconpl i shed by ampbunt and string size. Variability in specific loading is
obtai ned and specifically it is possible also to charge some bore-holes in
their eotirety Whehexplokivaattselifi rded het fod higiiyedileteda with ke reposidieg  Yet,
t he nost pronouncecl) advant ages, are qbtained in . .
problems, but energy-reduction is accomplished by amount and string size.
Variability in specific loading is obtained and specifically it is possible also to
charge some bore-holes in their entirety with utilization of the full power of
a bulk explosive. Yet, the most pronounced advantages are obtained in
15 cautious blasting with thin strings of the explosive. It has been found that a
pumpable bulk explosive string, uncoupled from the bore-hole wall and
spacing devices, neither behaves as confined nor as unconfined, with high
detonation velocities. Rather it detonates with a markedly reduced velocity
and shock generation, perfectly meeting the requirements in cautious
20 blasting. The charging method outlined and the detonation mechanism
obtained sustains a stable and undisturbed detonation also in thin strings,

contrary to previous experience.

As the nozzle 10 is pulled through the vertical blast borehole 50, the
25 speed of movement is controlied by the controller 57, such that the speed
increases, while the rate of spraying of the explosive emulsion remains
essentially constant. As a result, the volume of explosive emulsion that is
sprayed per unit length (e.g. per meter) of the vertical blast borehole 50
decreases along the upward length of the blast borehole.
30
According to the preferred embodiment, the speed increases
uniformly, with the result that the volume per unit length decreases
uniformly. This assists in enabling a reducing volume per unit length of



cautious blasting with thin strings of the explosive. It has been found
that a punpabl e bul k expl osive string, uncoupled fromthe bore-hole wall
and spaciwgQ2dsvisess8, neit her behaves as confined nor asPpamaandeset42w t h
hi gh detonation velocities. Rather it detonates with a markedly reduced
vel ocity and shock generation, perfectly neeting the requirenents in
cautious bl asting. The charging method &8tlined and the detonation
mechani sm obt ai ned sustains a stable and undi sturbed detonation also in

thin stringxploswd thange, drgrnethiedoseexprl bfetheeverdital Brast ®b2EBoIR050 $o BRE | ed
t hrough the vertical blast borehole 50, the speed of novenent is controlled

by the cont4PREf &ndsthergefen that the speed increases, while the rate of
sprayi ng of the explosive enulsion remains essentially constant. As a
result, the volune of explosive enmulsion that is sprayed per unit |length
(e.g. per neter)Thef amaleved8i @al mieationgdr aihsive Sltasiedeensdountorty t be

upward Len b oy, di he pre bodi nent
the spedd rieRtadstls pf3t aPgsE M RapREHE FonbRk FrlaChr the SE T |

| engt h decreeasisonudl ftorstick. effidutivesto she inmerenalb 52nof the edttidan @lastlhole per
uni t Iengt% of expl osi ve charge, fromthe |ower end of the vertical blast
borehol e 50% 0 t he upper end thereof. The angle 58 as nentioned above has
been found to be advantageous as it assists in causing the coherent string
of the explosive enulsion 30 to stick effectively to the inner wall 52 of
the vertical bl d&e ¢jlesenp Vel srae it of exploshie emulsignawhigh dsayessa ve

el S19p, ibetarRY Bortfors UBR! Y | MnePOidrBet! i dnkN kst BoFRBle OS0! e
ast borehol e 50
substantially free of the explosive emulsion is advantageous as the area
that is substantially free of the explosive emulsion results in the emulsion
constituting a decoupled charge, which is useful in limiting and controlling
the explosive energy available on detonation of the charge.
15
Another advantage of the coherent vertical string of explosive
emulsion is that configuration of the sprayed emulsion assists in avoiding
problems of hydrostatic pressures. As mentioned above, such pressures in
the prior art can limit the maximum height of the column of explosive
20 emuilsion that can be used. The reduction in such hydrostatic pressures can
enable a column of increased, or possibly even unlimited, height to be
achieved (subject, of course, to the height of the blast hole itself, the

charge hose, etc).
25 Although the invention is described above with reference to specific

“embodiments, it will be appreciated by those skilled in the art that it is not

limited to those embodiments, but may be embodied in many other forms.

30 INDUSTRIAL APPLICABILITY

The present invention can be used in respect of explosive charging,

and in particular to a method of charging a substantially vertical borehole



substantially free of the explosive enulsion is advantageous as the area
that is substantially free of the explosive emulsion results in the

enul si on wonstwasussng a decoupl ed charge, which i s usef BCTiAU2bG9M0144ng and
controlling the explosive energy avail abl e on detonation of the charge.
Anot her advant age of the coherent vertical string of explosive enulsion is
that configuration of the sprayed enul sildn assists in avoiding probl ens of
hydrostatic pressures. As nentioned above, such pressures in the prior art
can |limt tith secoharantistrifig esftirtghfrooolaunoseéné xplening,ewrerdinitha dxighgcan
be used. The.reduction j.n such hydrostatic, pressures can enable a col um of
i ncreased, S rrm%ogg\tybﬂfrt‘]g% ﬁ'llﬁ iar/f?t&?, atH)éFBE'F {eHELee hil BiFe §aPs BSSECPE of
course, to deseribed @Btvertichingriblgagiarige itsel f, the charge hose, etc).

Al t hough the invention is described above with reference to specific
enbodi ments, it will be appreciated by those skilled in the art that it is
not limted to those enbodi nents, but may be enbodi ed in many ot her forns.
| NDUSTRI AL APPLI CABI LI TY The present invention can be used in respect of
expl osive charging, and in particular to a nethod of charging a
substantially vertical boreholewith a coherent string exiting froma hose
end opening, wherein the exiting string only partially fills up the
borehol e dianeter. This can best be described as vertical string

charging. CLAIM5 1. A nmethod of charging explosives in a substantially
vertical blast borehole, with a | oading density reduced in relation to that
corresponding to the conplete fill up of the borehole dianeter, the nethod
i ncluding the steps of:



(i) introducing a charging hose in fluid connection with a nozzle into an
end opening of the vertical blast borehole; (ii) noving the charging hose
and nozzlwoabomgiisBe bl ast borehol e along a travel dire®CIrau2eas/@1442
controlled rate; (iii) as the nozzle is being noved, forcing an expl osive
enul si on though the nozzle at a controlled punping rate such that the
emul sion is sprayed by the nozzle Iateré?ly relative to the travel
direction, in an arc formation extending around an axis of the nozzle,

whi ch axi s GIsAJMSal | el to the travel direction, and onto an inner wall of
the blast hole; and (iv) adjusting the punping rate and the controlled
noving rate so as to forma coherent string of the expl osive emul sion

exi ting framthe mometiod Wreeldgindeexglodives QRl § aastantislyy fudrtigalupidsie
bl ast borehol e dianeter. 2. A nmethod of charging explosives in a
substantial |y verR9rehple| y4th par dpriag odepsiy nradygrd dnn refatien ito )that

i ncl udes forci ngyée({jf?%s%lﬁ'dﬂ?d Y6 tREW AR Faugh &f"tﬂe”ﬁ’&@hﬁ)leég?é?né t (hge

enul sion is spra y the hozzle at a spray anglet ot I rectibn of

travel , the spraymgbhpainsdidiggithetsteps afige of 75 to 85 degrees. 3. A net hod
of charging explosives in a substantially vertical blast borehole of claim
1 wherein step (i) inotnodesingoaiciprogimg hogze lire falid mgnhhetitn agth kohezile t he

travel direction at a . in eed. ich varies at steady rate, while
step (iii) includes fd%@‘%a ?G'PfigBﬁB'PS\g??v Sy 'Pgh%éF_%&r il antially
constant rate. syth thet jhevalue of x| ol ve eml shian Sptaved. offo, the

10 borehole along a travel direction at a controlled rate;

(iii) as the nozzle is being moved, forcing an explosive emulsion
though the nozzle at a controlled pumping rate such that the
emulsion is sprayed by the nozzle laterally relative to the
travel direction, in an arc formation extending around an axis

15 of the nozzle, which axis is parallel to the travel direction,

and onto an inner wall of the blast hole; and

(iv) adjusting the pumping rate and the controlled moving rate so
as to form a coherent string of the explosive emulsion exiting
from the nozzle, whereby the string only partially fills up the

20 blast borehole diameter.

4

2. A method of charging explosives in a substantially vertical blast
borehole of claim 1 wherein step (iii) includes forcing the
explosive emulsion though the nozzle such that the emulsion is

25 sprayed by the nozzle at a spray angle to the direction of travel,
the spray angTe being in the range of 75 to 85 degrees.

3. A method of charging explosives in a substantially vertical blast
borehole of claim 1 wherein step (ii) includes moving the nozzle

30 along the blast hole in the travel direction at a varying speed,
which varies at a steady rate, while step (iii) includes forcing the

explosive emulsion at a substantially constant rate, such that the



| ength of the blast hole, varies along the blast hole. 4. A nethod of
charging explosives in a substantially vertical blast borehole of claim1l
wher ei n tWe 202513881 s adapted to spray the emrul sion in Ph@/Adneosor4at i on.
5. A nethod of charging explosives in a substantially vertical blast
borehole of claim1l wherein igniting rreggs are introduced into the
bore-hole. 6. A nethod of charging explosives in a substantially verti cal
bl ast borehole of claim5 wherein the igniting neans are positioned cl ose
to the bore-hol e i ¥eldm®of epplosivenemiutgion speayatpntgthe inngriviall apen unist es

are adjusted to gi ' . e It ans in excess of
the string anount ?éﬁ‘g?ﬁé’??rﬁ%%?%%ﬁag?ygﬂ%ééb&rr&%Hcﬁgg'a%%ﬁgl i. 7. A nethod of
charging explosives in a substantially vertical blast borehole of claim5
wherein the excess,amula’s QRIS LBlosh el QlblgRRal) \HRURLIAL ©

5 borehole of claim 1 wherein the nozzle is adapted to spray the

emulsion in the arc formation.

5. A method of charging explosives in a substantially vertical blast
borehole of claim 1 wherein igniting means are introduced into the

10 bore-hole.

6. A method of charging explosives in a substantially vertical blast
borehole of claim 5 wherein the igniting means are positioned
close to the bore-hole innermost part and that the pumping and

15 withdrawal rates are adjusted to give an explosive amount at the
igniting means in excess of the string amount in the main part of

the bore-hole length.
7. A method of charging explosives in a substantially vertical blast
20 borehole, of claim 5 wherein the excess amount is obtained by a

delay of hose withdrawal after the start of pumping.
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