found that the use of precondilloning alec laads to an overall improvement in
ground conditions in the stops, as it 1ands to resultin a smoother hang ingwall.
This has additionat safely Implicatiens, as the hangingwall is inharently more
statie and allows for more affective support Inetallation.

The currently propesed mechanism for preconditioning has been femmulatad from

R Homom e 1am wewsanrbo of
L¥ | (¥ LR 1 —I1RL - =

& combination of diract ungenground ooEaryal
the bahavicur of tha rockmass surrcunding the excavation. Numerlzal modalling

Bam hmara alo- s
u L

and physical modaiiing of precondilioning blas &3

thaught that the re-mobilization and extansion of existing
ik
1]

ip . =

reduetlon In the siress acting across the fracturss and, iharsby, reducs
n tha Faoe as a whole, Consequenlly, a huffar zohe of destresdsd rock i3

]
W WAFF WS NG A LS

created immedialely ahead of the 1ace. Az the taoe ilself is loss siressed, its less

Lk B maralesicn of Soisrmdc andrgy oL h the puffer Zong from
rmire distant larger events is alse reduced and, mence, the fikelieod of damage

to the gtope resulting from such-avents:

The: practical implications of tha reduced face stress include more efficient drilling
and more efficient blasling, In tems of both Increased face advance per blast and

maora consigien fragmentatian of ke malesia) rempvad by the blast. The
smoothar hangingwall is related bo the induced shearing on tha raef-hang Ingwall

parting, which facilltates better conirol of the Btoping widih. Reduced dilution of

Mined ore and raduction in supmat requirements obvlously have lavourable cost
implications. Tha combination of a safar envireament and an easier warkload will

inevitably Imad to an Improvement in tha maorale and attitude of tha workfarce.
Choosing the appropriate preconditioning method

It is important to note that pracondltioning should not be gesan Eﬂ a remecly for en.ﬂ
rock-refated problams. One should et attempt o usa preconditioning to daal with
an underground conditlon that would be more adequataly improved by changing
Ihe: minlng method or slopa layout. Precondltioning |s nat a sut-:atlluta .far gamd
mining practice. Appropriata slandards consistent with the mining environment
should be used and application of those standards must be ensured.
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There are two preconditioning mathods, which differ in application and in
effectivanass. White it is hought that the preconditioning affect producsd by the
lace-parallel method is auperiar, this advantage should be welghed agalnst the

potential disnuption of the mining cycle. Each method has implicalions in terms of
rymadibrrie oo d Eupr‘!ﬂl‘l‘ r'!n-.elgr!_. This mlﬂing Byt shoukd

LTy Y L ey | | |
F"- e o, =

face COTINGLIT Amo, l_.||.l=_‘f REIRG Yy &
facilitaie the Use of praconditioning, while inying to allow for sificient removal

d ot dlmm coalemane o eraurAding tho axvcavabon.
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Faca-parpendicular praconditioning

dyandimes Fmnme  =mo it
LG gLES, 93 L

=1 __

Faa-gergendicutar precondiioning is well auiied to normal prosiuc
to the mining cycle and 30 i unlikely to have a detrimantal

iﬁtﬁgfﬁiﬁﬁ Wy wall into Uy min ¥ LU b
impact on production.

The precondlficning holes would typleally be drilleg 1o A rrTin lngthand spaced
amapart =] ug H=ea finuras wothd cepand-oh-10eRE LATUES E-Thﬂsuppmt

spacing and digtance (o co siexdld idaalhy be sufficiant to alicwr for the usa of

3.2 m long drill-steals. Although concasslons Might bo necassary in unusLal

cirournslances (e.g. if backfll |s installed very riosa fo the face), these

requiramenis have nol baen Toumd & craats majr difficulties in practics and have

not nacess/tabed any compromise b3 tha support systarn in the face area to dats.

I backflll is placed too close to the face, axtansion rods can ba used to drill long

preconditioning holes.

med for a distance equal b the kength of

Th ndltianing holes would be slem
"y - {3 ansure Ihal tha anergy from the

the production holes but not @S than T T,
axplosion ia containad wilhin ihe holy and impared to the surrounding rockmass.

The precondilipning holes are blasted as an Intagral part ol the pdel.ll::’[iu.n- bl;fmt
and timad 1o ensura that lhere |s af feasl T T ot burden Ior éach pracorditioning

holg.

Face-parallel preconditionlng

2 recommanded for use in special areas, such as

F llel precondiioning |
A t to be a mora effactive melhod for

remnant or pillar extrackon, 8s It I thouwgh
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dealing with the excaptional stress environmants encounlered in thess areas.
Malntaining high preduction from these areas is likely to be lesa of 3 concam.

Il should be poaalbls Lo set up the drill rig, drill the pmmndltmnlng hole, charga

Y — F——— e e

and the speciflc drllllng characteristics of ihe rig usad need to ba considersd, it i3
recommendsad that the tenaths of the indlvidual panel faces should not excead
20 m, The precanditloning hole should be drilled for at least the lenglh of tha
panel face, although it is recommended Lhal it be exlendad somewhat inlo the
next panel.

It is obviously necessary to be able to posilion the larga drill rlg so thal the

tha panel facs). Th

precondltioning hole can be drilied {fypicaily, 5 m ahead of tha panel facs). Thus,

the gullies from which the drilling is ia be parformed should be advanced
sufflciently far ahead of the face to be praconditioned. This need to accommodate
the rig also impacts on the lsad-lag distance hetween adjacenl panels. A lsad-lag
dlstance of 8 m was used without slgnificant dlfficulty at one of lhe project sites.

The slemming of face-parallsl preconditioning holes |5 a rather more complicated
izgua than is the case with face-perpendicular holas. In the latter casea, the

stermwnied length is reamovad wilh tha accompanying produchon blast while, in the
casa of face-parallal preconditioning, the reckmass in the vicnity of the stemming
s aolremoved with the blast. The stermming needs {o be sulficisnt (o contain tha

explosion in the hole: the reguired slernming kength depends on Ihe hola langth
and diameter and on the degree of fraciuring near Ihe collar of the hols, but is

typically aboul 5 m. This can resullin a subslantial regleh of effectively non-
precondilloned rock adjacent 1o ihe stammed portlon of the precomditioning blast,

The preconditioning blast i initiated vla two couplad detonators placed a short
dlstance ifto the explosive. The pracondltioning bias! is manuaily set off and only

afler a successiul datonalion are adjacen! panals to ba connacled fora
productlon blast. Sequencing has a rathar difarant intarpratation here than |5 the

praconditicning, it is mportant thal tha seg uencing of adjacenl panals |s carefully
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considered. The lagging pane! should always be precanditioned first, to avoid the
scenario of having sireas thrown back onto that panel by he precondiioning of
the panel that is further ahead.

Implementing preconditioning
zal conslderations of

I'_'l
Lol
carrying oul the preconditioning In the undergrou und envirgnmant. The pesiticning
of hole to ba drilled, tha

| [T A R L Y
i Wik

=% Ir- T 1o, MF-Y.
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of tha preconditioning nolels), tha size an
sequencing of precondilioning blasts, the cherging and stamming of
Stio .

mllwmim
L LLLe Ll Ll

5%

-
b= Lol ]

preconditioning holes, as well as iha init

aju;eﬁpaammﬂdetammnMannstmta e undarground

&nyirarmant.

Guldelines for the correct Implamentation

I this saclion 1he instructor will go threugh the detail informalion on the
guidslings for tha corract implamentation of precond|tioning. The guidealines for
faca-parallal and faca-perpandicular precanditloning ara given in seclions 4.3 and
5.7 reapaclively.

The impostance of correct application

It |5 assential that all parsens invohved in the application of preconditioning should
be made awars of the Impartance of ihe corract application of pracenditioning,
and that failure to apply the mathod aarracily could well resultin undesired
sffacts, to the axtent of worsening Lha slualion rather than alleviating tha
faceburat hazard. In the case of face-pampendicular praconditioning, all of the
praconditioning holes nusl be drilled and blasled at the comect spacing, or “hard”™
patches of stressed rock could ba genaraled in the face, which could burst into

the working areas durlng tha subsagquent shift.
In Ihe case of face-parallsl preconditioning, the preconditioning hole must ke

positioned within the recommended limits of distance ahead of tha face, If it is
placad toa chosa to the fage, damage to Ihe face could rasult; if it ia placed oo far
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ahead of the face, 1ha blast will sither have no affect or it might act to transfer
hack ono the face, rather than awsy from It No production blast should be

nal where ihe face has reached the positlon of the previous
le wouild effactively be mining into non-preconditionad

T oA Erahb =t e L

B

g -

Whita guidelines have baen compiled for tha appiication of each precondilioning
method, it is important to nota thet the details prasentad in the gusdslinas ara
based on the caraful, intensive study of pracunditioning at only 2 faw aites, and
s0 should be regarded as starling polnts for tha application of preconditioning in
situations Ihat differ markedly from Lhose that wera invesligatad during the

development of the technique. -
monitor Ihe effectivanass of preconditioning at their spedfic sites and be

e Laam -—.. thooar |¥1
] 1

propared 1o change some of the paramelars 1o SUl st
1o optimiss the affectiveness of pracondltioning al sach site.

For fage-parpendicular pracond|tioning, he parametars 10 be optimised includs:
hole length, hols diameter and the spacing between adjacenl nales, For face-

rare o --illlil.:i nelune: Face [engin 0[

panels, lead-lag dislances bekwesn adjacent panels, tha distance ahaad of lha

faca that lhe preconditioning hola is placed and the dlameter of the hola. In bath

cases, the paramelers are Inter-relatad and canncl be as58ssad and oplimised In
isalatlan; tha goal ks to opfimise the preconditloning systam al the site by varying
tha parameters 60 as to achjava effective preconditioning of the stope faces.

Tools available for making the a szassmant

a
.E
3_

Assessment tools that have bes 1o yleld usalul information during the

developmant of 1he preonndmmlng tachniqua Induds’ undarground obsarvation,
measurement of face advanca and drilling rate, fragmentalion assassment,

frammmapp]ngﬁndJJB@i_ﬂQwall proflling, convergence measuramants and

monllaring of mismiclb,r Graund Penetrating Radar profiling, as well as various
F tha stale of stress at Lhe face. Clearly, some of the tools require

o o
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epaciallst Iraining, while others are more raadlly accessibk: to nen-specialists and
can ha uged by shifl bosses, miners and the stope crew,

e

simple but usaful 1ool Tor assessing e affectivenass of preconditioning in-a
stope. Regular examination of tha faces and hengingwall should reveal signlflcant
differances botwean conditions before and after e intraduction of
precondltioning. The face should be “softar” (easler to bar aftar Masting] and the
hangingwall should ba smogiher after precondltioning has been in use for a
pariod. Additlonaly, parficulary when using facg-parallel preconditioning,
significant bulking of the face towards the axcavation should accompany a
successful preconditioning biasi (this wiii De aasier to ohserve if paint lines are
placed on tha face before the blast), Sophisticaled phelogrammetic tachniquas

have been investigated In an attempt to guantify the bulking sffact, bul with

iimited succass. Ragular obsarvation will 2llow for an evaluation of the continuad

sffactiveness of precondilloning, as well.

With effectlve preconditioning, face advance rates should Increass significantly

comparad with those beicra ihia introduction of preconditioning. Thasa rates

could ba measurad after each blast from fMkad polnls in the stopa {e.g. support
elemants or convergencs stalions) and the curmulatlve effect shaukd ba

measurable on monthly survey plans, Thera should also be fawer (and shorier)
production-hole sackats in the face afler a blast when precanditlening is baing

Hsed,

amad menund le drilled, the driling rates should incraase

(LR F LRl

When precondit
significanlly compared wilh hose bafore the infroduction of precondilioning. Af
cne of the project sies, whane face-pampendicular pracanditionng was belndg

used., it was found that the totat drilling time lor precondilioning and production

holes wae lesa than that requinzd for production drilling alone befora the
introduction of preconditioning.

The materal coming off the face after a blast should be both more highly

fragmanted and maore consisle : :
has addiionat beneflls in lerms of aasior claaning of the stops face and fewer
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Mockages of the tips and ore passas. This effect should be qualitativaly
discarnibke undergraund. It could be quantified by some more sophlsticated
means {8.g. a photographic tachnlgue), if reéquired.

— 2 Emrrrhe o o
o=

Vithiig it has been found Rat NG NS ITACILNE 58
precandilioning. regular detailed fraclure mapping should reveal thal fraciures

1 __..l el

with favaurabie opentations ara anhancad and wd rg-mobilised whan pre
la anouah to ba usad by non-spaclaiists,
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measuramants allow cna kg uantlh,r the improveme

moncnng of Balsmealy

cermant of Face-parpandicular Dremndiﬂﬂﬂlng a5 WEIL the sire of the

lace-parallel precenditioning blas

it particulary amenabla to analygis Using thess inole. Convergence data can be
acquired fairly cheaply. but the acquisition of useful selsmic dala obvloushy

presupposes the installation of an adequale saismic natwork,

Comverganca measurements woulkd typically be carrled oul by an observar on a
daily basis; various continuous convergence meazufing devices (o.g. clockwork
chosure mater) are also available and allow one 1o daterming tha instantansous
convergence at blasting time, which has been found to provide Insight inkg the
stats of strass at (ha face. Once tha sita has been monitored for & whike, it is
posslble to Lse the measured converganca to gvaluate lha effactivenass of =

preconditioning blast.

In the context of face-parallel precanditioning, manitoring of the sslsmiclty from
tha site facillkalas the evaluation of the effacivensss of a precenditioning blast in
several ways. The slze (magnilude, salsmic maomant or Seismic anergy reloase)
of he recorded blast event allows one to dotarmine whather all of the explosive
was ae! off successalully. Occaslonally, the racorded avent mighnt be larger than
expactad, indicating that the blast simullaneously riggered additlenal strain-
encrgy release from the rockmass through an actual saismic event. OF course, (L



is possibla for the blast to tigger a larger selsmic evant saparated in time from
the blast In this case, by separata events would be recorded by Ihe seismic
sysiem. Stress transfier Inducad by the hilasl wiould be indicated by the migratlon
of subsequant seismiclty away fromn the prewndlhaned zona, Addltionally,

[ p— ol alad mbrurar -I'i-u-md:l.rn la t - - -1

examination of S8lsMic SOUrce parametars snouId SnowW, 107 SXampa,
ar salemic avenls in the precondilioned zone ara owar than thosa fo

-

caze of Iaca-nernadiieul

avanls in adjacent reglons of tha rockrmass. in the case of faca-perpandicula
-------- a affacls of the preconditioning are not as obwvious [n tha

PIMI H.JII.IUI IIIIH l.ll? T HITILANF Wl -

R B

seismic data and their identificalion requlras a very sansitive ssismic netwark with

_________l | - - w ke

wvary good ipcation eCouracy.

Although it recuires spacial equl

_ Groupd Penatrating Radar (GPR) p refiling provides a very [ear indicalion of the

effects of pracondiioning on a2 &

mﬁmwgapaiasssmwg Inlensity and extent of racturing and

increased saparation of the fraciure surfaces @

be visible in the processad GPR data. GPR scans can also by used to a35e55 the
maximurn permissible separation of adjacent faca-perpendicular preconditioning

holes when introducing precondilioning to a naw site.

In pringipla, direct measurement of the state of stres= of the rockmass
immediately anead of the stopa faces would ba the [deal way to quantify lhe
effactivensgs of the pracendilloning. Most of lhe tnols commonly vaed for this
purpose are hot suiled for uss in fraciured rock. A salid-incluslon instrument has
baen developed al CSIR { Miningtek, bulls yel to be provad for routing uss.
Indirect maasures, such as the changs n aspect ratlo of rigging holes in the face,
ara poselbla indicators of the stale of glrese. Changas have bean found in such

measures after the introduclion of praconditloning.
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