7.4 A structured implernentation procedure

7.4_.1 Preliminary evaiuation

ntifying the neceaslty for praconditioning and ils polential beneflts |5 the firsl
and one of lhae most Important actlons ta be taken before pfanning any other
phases of the implemeniation. The rack enginesring peraonnel and the senlar
production personnel, with or without the project team, have 1o invesligaie the
applicability of preconditioning to the identified werkplace. If itis thought that the

oroject team could ba [nvolved in this potantial implernentalion case, itis strongly

racammendad that they ba includad In the preliminary evaluatlon,

the possible solultons to the prnhtam. Even if lhere is

implarneniation of precanditioning may stil ba suggas
advancs rate, hanglngwal conditions, drilllng lime and fragmentation, and for
reducing the pelaniial damage from dislant seismic events. If the preconditioning
technigque is idenlified as ona of the solutlons, Ihe rock anginesring department

hae to report the outcome of this evalyation and motlvate the implamenlation of

ppeggndmgningmihﬁjﬂnlumlagmenl of the miné. The mine managemeant's

approval marks the and of the lirst step and the Initiation of the second step.

7.4.2 Planning of the implementation programme

The same team, now, has 1o plan the implamenlation programme in temms of
roles and responsibilities of individual depanments, timing of the aclivities and the
tnols to be used for assasslng the effeclivenass of preconditicning. Typically, the
guldalings set out below can be used.

Tha rock englneering daparimenl’s role should be to ensure the corect and

coniinlious apphcation of pradondi
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up vislts and assessing and communicating the effects of precond lioning to all
partiss concernead.

The Iraining depariment must take an active role in the education and iraining
programme and ensure that the inexparienced parsanne| be properly trained in

precondltioning. Theay should also take part in follow-up visits, idantify any further
Iraining needs and addrass shericomings In tralning.

The safety departmeni chssrvers must regularly visit the site and communicale
any sub-slandard appiication io the rock engineering depanmant and senior
praduction persannel. They must alse analyss the accident statlstics and complie

regular reports on the effect of praconditioning on tha accldant records.

The praduction personnel in supsrvisory roles must make sure that there is a

provide daily stalus reports to tha rock mechanlcs daparlment

Probably the mast important achlevamant during this phasge is ko have all partles’
full comimitmant 1o the implemeantation as was idantlfied as a key success factor.

7 4.3 Education and tralning seminars and werkshops

Itis epsential o &

precond(flening n
ralning, so that the concept of precondltioning can be “"sold” 1o tha workforce by

discussing the rack-related probiems they experience undamgound and then
demonatraling Ihal precenditioning |s part of the aodulion. This |s preferable to a
top-down approach wheraby preconditioning is simply sddad to thelr workload
withaut therm being cenvinced of Ihe benaflls to them personally. Tha workers

need to be made awars of what preconditioning la, why they wlll a using it and
what the bonefils to them will be, as well as how to apply pracondilioning

varreclly.
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A training schame for the implemeantation of precandilioning was daveloped from
the experlence gained al research sites and was asted in practica from e
invohsament in a number of Implkementation cases. This iraining schama is almad
at all relevant personnel, namely: managemant, the rock engineering deparment,
lhe training degartrent, the safely department and all levals of tha production

parzonnel. Instruction is conducted both on surfaca and urdarground. Mine
tralning perscrnal need I be Included in the process so ihat they can conlinue
ths Irgining afiler the intraduciory implementation period. Similarly, rock
enginearing and safaty department pevsonnel also nesd to be included, so that

¥
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they can as=ess ihe affects of praconditioning an
preconditioning at underground sites.

During the sducation programime, the point should be made that praconditioning
i likaly to be bensflcial in more than one way, ag improvad safety is genarally

sccompanied by increased protuctivity. It is important ko dispal ai the oulsat the

nction that preconditioning ks simply extra work. A separate bonus paymant ray
at ha nacessary 28 40 eutra preduclion bonus |5 Indicated for extra face
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advance brought about by eflective precondliicning. This would have 10 be
convincingly axplained. However, the conlinulty of proper appication may be
secured by an Incantive bonus payment (hat can easlly be covered by tha overall
galn in profits rasuliing from Increasad productivity. This overall sconomic banalit
was quantified and documented In saction 54.10.

Education and trainlng {(Appendix C) are divided Into sections, as follows:

# (niroduchion
o Tha faceburst prablem: what it is, how it anses, what ha effacts

rmight be and how it ¢can be controlled,
= Praconditloning: what |t Is, how it works and what the benefits are
expeciad 15 bs,

« Choosing the approprlals praconditlening method.
& Faco-perpandlcular precondilioning: normmal mining facas.
o Faca-parallal preconditioning: special areas {ramnants, plllara).

+ Implementing precondilicning.
o Guldelines for comact implemantation.
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= The importance of correct application and the consequeances of
poor application.
» Assessing the effacliveness of preconditioning.
o Tools available lor making ihe assessment,

The level of datall and spacific emphasis in gach seclon would cbviously vary
according to the audiance, whethar stops crew or management. The slope crew
would be exposad o lass background detall, wilh mere emphasis being placed
an the cbservable and measurabla banelits of praconditioning and how to carry

out the precondiioning In ine undengrou nd enviranment.

Claarly, sush lssues as language of instruction need o be considered. Tha

instructor should keally be able 1o converse with each audiance In their mother
tongua. The Ingtrudor should ideally also be complately familiar with the working

7.4.4 Risk assessment

Priar to Lhe actual implementation of preconditloning, a proper risk assessment
must be carried out. The Inclusion of preduction personneal |s sirongly
racommendad a5 this process will re-emphasise the requirement for correct

appHeation and tha potential danger if precondilicning |s not comectly applied.

The inspectoratas from the Departmant of Minerals and Enargy (DME)} will also

e e [y PR Sy T PR Y

Iaarmng ﬂppﬂm.lnli'_y', and extra cara must be tgken beiore he inpsms

1
preconditioning in a new gectechnical area. An example of a nsk assessment on
pracondilloning fs given |n Appendix D.

7.4.5 On-the-job training

avmart bom o must 3eslst tha or

Hll DRI wEay MUsSt 855w | ﬂ!ﬂﬂ pﬂﬂﬁﬂ!’! .EI r_h_ nﬂ thF‘ |r||t|H| q._ ["It!

implementation. Froper raining on positioning, daling, charging-up and tylngaup
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procodures for preconditioning hola{s) should be provided, Good preconditioning
practicas al olher stopes in the same mina musl ba shown 1o the new taam ae
part of the training programme. |t is recommended that inis undarground training
be given Lo all affectad parsonnel. When iraining tha workforce underground, It 15
Important to be able to substantlate any alalms made aboui the benefiis of

precondilioning. These benefits could be demonstrated by measuring the face
advanoce before and afler the inroduction of preconditioning. A lack of praduction
hole sockets in Iha face after a blast whare precondltioning i3 used |5 also g
useful indicator of improved face advance. The reality thal an increasad

production honus could ba the result of pracondilioning can then be established.

Sirnllary, uslng wark study Ischniques to detarming the drilling tima will show that
while more drilllng activity | regulrad with praconditioning, lesa time Is spant on

the whala drllling procedura when pornpared o the time spent on drilling of
produclion holas alone (.. witheut preconditianing).

The impartance of corract application must be rg-emphasised and tha preduction
personng! have tobe | mada aware of the potentizl dangers of sub-standard
application, This phase of the Implamentation process can only coma to an end
whan the experl team for Implamentation s galisfizd that the produstlon
personnel are capakls of conllnuing the corract appiication of precanditioning.
For face-perpendicular preconditioning this period |5 typically 2-3 cycles of
preconditiening (6-8 blasts), whereas for face-paralel preconditioning this penod

can be konger a5 tha blast optimisation and the inlegralian of this techniguea into
the actual production cycle are relalively more difficult.

4 & Fallow-up and assessment of the results

An initial invatvament of the exper Implemantation taam during this phase is also
recormended. This phase involves establishing regular follow-up and ¢ontrol
mechanlems to ensure the continualion of regular and corract precondilioning

application, and lhesa mechanisms should naver ba distontinued until the mining

aclivities come 1o an end at that parlicular stape. Whita safety conlrod afficlals and
roduction personnel are ensuring Iha regular and proper application, the

pl d Ty
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rock engineering dapartment, with the help of production perscnnel, can be
responaible for 1ha assessment of the rasulks.

In order to enaurs that preconditioning will continue in the appropiale manner, |t
hag alse baen suggested that the production skandards be changed 1o

Incorperata pracondiioning ag parl of the praduclion blasl, rather than
addressing preconditioning as a saparale Issue.

ra
F

The favourabke results that had been obisined from the precandilicning

experimants in the past have not, on their own, been anough I bring about the
\uirlneprnnd ulilizatdon of pramndilinr'ling as routina Hﬂm'ﬂe in faceburst-prone

B i oy | e -_ - — =

i

mining areas. Through
various levels fworkforce to management} ihe reasons faor failure and the crilical
suCcceas faciors In the impiemeniation of preconditioning were identifisd. On the
basie of the results obtained from Ihls study the guidelinas for the best
implemeniation of praconditioning wers produced and a structurad

implamentation process wae proposad.
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8 DISCUSSION AND CONCLUSIONS

rock

Ta design an effectlve praconditioning blast, one of the impartant iesues |s the
choloe of explosive. Itis necessary to consider the amount of explosive ensrgy
imparted to the rock and the enagy partifioning that cccurs in the rock, The gas /

shoek ralio will have an effect on the preconditioning mechanics. If Hasting is 1o

ha carmiad oul within the fractura zone @ more gassy axploalve will resullin better
gas panelration nto exisling fractures.

The recordad peak accalerations wers highest closest to the blast and decreasad
e Ralatlya to the ANFO I‘u'nﬁ of

with increasad distanca from the b Relatlye to i
explosives, graater shock energy was imparted to the rock by emulaion
exploaives which give higher accalerations close to the blast bul which decrease
rapldly away from blasihole. The rale of attenuation In peak acceleration in an

ANFC blast is much lower than that In an emulsion blast. The lowar rale of
 sttopuation In peak accoleralion Shows that a larger volume of rock should be

affected by an ANFO blast. Emulsion explosiva is impact resistant and |t Is sasy
1o usa whan charging but it has the disadvantage of hawng kawer gas-anargy

LAQM WM IR F Bl

content than ANFQ. Since e #
away from the blasthole because of their gaseous characiar they can bo

congiderad ag more suitable for use in preconditioni

Explosive In-hole density is & critical dasign parameater for targe face-parallel
precondltioning blasts carried out by ANFO-type explosives. Test blasls in holes
of 80 mm In diameter revesled thal the minlmum explosive in-hols density should

e about 1100 kgim® {.8. 7 ka/m)

During iha imitlal investgations, only clay of r bentonita types of stemming materlal

ware testad and batter ragults wers oblainad by a menilonite type of starmming.



However, the cambinalion of clay and crushed rock as a atemming materlal was
found to be mere effactive than the ather types tesied durlng actual
preconditioning Hlasts al 2 laler test sile,

Preconditioning blasts in confined rack changa the strees fAisld by altering the
magnitude and the ardantation of principal siresaaz. Tha maximum princinal

stresses arg increased and Ine minimum principal sirés5es era decraased 23 a
lunction of distance i the blasthele. The directions of principai siresses are
rotaled through aimost 90 degrees. In most cases the maxdmum princlpal siress
direclifon becomes almost parallel 1o the badding planes after tha precondilioning
blast Thie Indicates shear movameant alang the badding planes accomparnying
the blagt.

gxisting fraclures bacome more pronounced by widening and exlending afler the

preconditioning biast, The degree of fraciure intensiffcaiion is giso g junciion of

the distance to the blasthole.

8.2 Preconditioning techniques

Two differant methads of precondilioning have been daveloped, namely: face-
perpendicular preconditioning and face-paraiiei preconditioning. Thera zeems 1o

ba no fundarantal reck machanice reason why either mathod could not be
applied In any glven mining environment,

Qwing to tha very pronounced straln-ensrgy release and stress ransfer avident

immaln Aodo s Hna zionificant crenaraanece racorded afar Hee
e data and the signmcant sorvergance ratorded aftar the

preconditloning blasts, face-paralled pracondilioning seams to be tha mora
affeclive mathod from a rock mechanics polnt of view.,

The straln-energy release and strass transfer wers not dislinguishable In the
seismic dala racarded from Ihe face-perpendicular preconditioning site but g

slgnificant Increasa in convergenca rate was recorded afler face-perpendicular
preconditioning was Initialed on a particular panel.
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While face-parallal preconditioning is cumently e recommended methed for
plilar extraciion [ts Implamantstion can be diffflcull under many circumstancas
because of the practical Kmitations of this method, The need for apecial dhilling
aguipment, a separate drill craw and accgss abead of the panal to drill 1ha holes
all hinder Ine application of face-paraliel praconditioning. In speclal arsas,

howeaver, Inis may be the only way of safely extracling highly stressed ground
and it appears to ba an effective melhod for pillar extraction.

Owing to the difficulty of Incorparating face-parallel praconditicning within the
mining cycke, Ihara seems to be esistance lo using face-parailel preconditioning,
aven for pillar axiraclion. At laast one axampla of the immamantation of face-
perpendicular preconditioning In a pillar extraction scenano proved that even this

tachniqua could ba very affective in minimlsing tha damage causaed by large
ERISMIC avanls.

The rackrass surrounding tha portion of & face-parallsl preconditioning hola that

tains the slemming | nol effectively preconditionad, It

Lk kjcl|lnlllﬂ BEFTd FANAFINIRINLD Ll
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appoars that the precondltlaning blast can actually result in stress being
transfarrad onto lhis portion of the rockmass This is highly undasirable as this
region will always be close 1o 3 free face and, consequenlly, adjacant to areas
wherg peppha have access. Therefore, this area musl alse be preconditioned by
additional face-parallel or face-parpandicular holes integrated into the rmam face-

parallel precondilloning blasl.

The Impleme
considered to be more altractive, since it is sasier to fitinto the mining cycle and

Ihe side aifecls of improving face advance raies hava been quanil
perpandicular precondiboning can more easily be applled routinehy, wilhout
undue concam for panel sequencing and for comact positioning of tha

preconditioning holes ahead of the facs.

The face-perpendicular method dose not suffer from the potentlal adverse effects

afising from the need for a substantial lengln of stemming for face-paralle|

rramsanditiorfin
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Face-perpendicular pracondilioning is not without slringent requirements. The
moslimperiant of these 1s the dependenca of this method on adharence to a
sirict firing sequance. Qut-of-sequence iniliation could lead lo misiires or 1o The
pracondilioning blast's breaking rock, rather than praconditioning it.

It ks vital that all face-perpandicular preconditioning holes iniliale bacausa if one
hole iz not blasted for any reéason ane all of the other holes are blasted, this area

could bacome a shiess concentrator by accepting the transferred stress from the

praconditlonsd areas.

When a slopa face I being precondlionad, the siding and lead area bahwvesan
panels must nol be ignored, as Ihey ars also susceptibie 1o bursting. This was

addressed with respect to face-parallel precond|oning, o some axtent, by dnlling
lhe pracondilioning holes kenger than ihe face to extend Into the adjacent panels.

\When iha face-parpendicular tachnique was usad, additianal precondilioning

hates wers drilked Into Ihesa susceptible arsas.

8.3 Preconditioning mechanism

Whila vary localised blast- induced fracluring was observed around the
: fraclure groups wera found 1o

oceur In ihe hangingwall of the praconditionad panel. If the mechanism of

preconditioning was only one of naw fracture genaration gne would have

axpected to find new fracture groups In e hs

panels. As this is not the casa, the moal likely mechanism Lo describs the affact
of tha praconditioning blast on the rockmass is mainiy thai of causing siip on pre-

axdsling fracturas. Therd is evidence of re-activetion of pre-exisling fraciure

surfaces nthe preoandmonad panals.

There are two mechanisms by means of which the pra::c:nditlcmlng hlast actually

of tha rockmass as a result of tne blast. This could allow previausly jammad
slets i tha icinled rockmass o slip, sllewing for further slin

o
i
i
g
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across lhe whole fracture, Tha se¢on nd would invelva the gas produced by the
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blast penetrating through the fractures at high pressure, recucing Ihe effecliva
strass acling across the fractures and avan propping them spen. This could allow
shear across previously Jammed asperities and anable slip on larger areas of lha
fraciure surface. Praconditioning involves both of these mechanisms. The ges is

A wrLLEl -.. -|
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balieved to ba the dominant mechanism so a nigh-gas-genenaiing explosive
r tha moet affactive cracondilioning of the rockmass,
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f nraconditioning ls one of opening up pre-existing fractures

ahaad of tha stopa face so as Lo di isgipgte strain enargy by enfiancing shear

mobilisaiion of the discontinuitiss and the breaking of gspearitias. In the pracass

blast gases can alsn panairate the dislinct badding piane ihal cveries many
taminating this plana. Any frachures that hava

. tendency tograw ln the nramrrdltlonad zone will

raefs, weakening or evan 4 dalaminaiing uns pal
not nﬁhlittnmriatmtﬁhis

weakened Badding plans.

will truncals before they cause damage to the hanglngwaﬂ

The mechanics of precandltioning invalva the desiressing of the immadiale
rockmass as & result of local Blress tranaferral, Local readjusimants in tha state
of strass in the zone of fractured rockmass ahead of the face that is subjected to
the praconditioning process rasulls In Ihe over-burden load being shifted to
adjacenl areas of the rockmass culsida the diracl influence of the preconditioning
blast. The benafit to the mining personngl is that a tow sirassed “cushion” of reck

is produced in the immediate stope face. High slrass in the immed|ata face that

resLlts in fanabursis in nmpr&mndnlhn&d stopas is ne longer present and,

henca, Ihe incldence of face bursting |s drastically reduced.

The effect of preconditioning 15 locallsed both [n space and time. As the

machaniam of precanditioning |s one of strass transfar (rasulting from induced
delarmations in the fraciuré Zone ahead of the face) and doas not Involve
modification of the matarial properas of the rock, ha zona that ia preconditionsd
is slill capable of carrying high loads. Afler a panel face has been precond|tionad
Il |5 possible that eubsaguent mining of that face or of adjacenl faces will result in
lhe transfar of stress back onte the precondilioned rockmess if nothing is done to

prevent this from happening.
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Of practical significance |s that sness Lransfer is a dynamic and ongaing process.
Tha strees ig redistributed in the reckmass in responsa to bolh mining and

preconditioning. The preconditioning process musl ba integrated into tha
production cycle in a controllad and sequential mannar. This sequance musl be

[ . B = LUy Sy Y

englneared lo ansure that the rmosi favourabla stress diSiNbUton 7or maximum
faro atahilie ie eeaintainad at 2l imas, |0 the Case of face-parallel
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precondilioning, this means thal the order of preconditioning must be sequentis
nal. In Iha casa of face-perpendicular
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be maintzined as an intagrai pari of the

B A | ey e 1]
=1

[ e - mn
I iNg IEgEing w uw ngp
t

preconditioning, Lhe blasts mus
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accompanied by an effactive precondilioning bast.

t ayary production blasl must ba
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ﬁ.unmghmammlmntmllabla affacts c-f pracondmnnlng are local he

precondiiioning procass

Wmmmw blasl. This is particulady apﬂlmbh

1o face-paraliel preconditicning.

silther immadiately after a praconditioning blast or some ime: [atar, s related to
tha stress transfar eccurdng in the ockmass., The precandilioning blasl iniliales
tha immediata transfer of load from the preconditionad rock onto the adjacent
rockmass. However, if this adjacenl rockmass was already highly stressad and in
a conditlon of ungtable equllibrium then It will &lso undergo a phase of
readjustment. This read|ustmant results in a further strass Iransfer onlo other
adjacent rock. This process ¢an propagete hreugh the rockmass a5 a chain
reaction s local zones of rock readjust and re-equilibrate. Liilmately, thé syslem
as 2 whala must onca again reach a state of aquilitrlum bul i, in the course of
this Iransition to a new equilibrium state, & large lecal inslablity is encountansd

lhen a large selsmic evenl can ba inltlatad or riggered.

The preconditicning expsrimantatian tn data has generally takan placs in araas
with a reasonably sireng and compalent hangingwall, with a ralatively narrow
stoping width. It Is possitia that large preconditioning blasis may have a
delrimental affacl en the stabllity of waaker hanglngwall strata. It is expecied that
fulure implementation of praconditioning in different areas will provide mare

inslgnt in this regard.
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8.4 Safety and productivity

Both face-parpendiculd -parallel pracondliioning have prevanted face
bursting in areas to which ihay have been appiled, even though gaveral large

salsrric avents have occumed chose (o the faces. In addilion, less ovarall damege

was nhearvad in the preconditioned anals following thasa evenis inan in

>
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similarly expoged unprecondiiionad panals.

-]
Sftect the rnckmase i tha vicinity through the strass iranafer resuiting from the
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blast, Although pracondilioning might ba bansi e
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of such evants. Praconditioning cannot contror e

—mmmmw ol instabdllties on geclogical

atruchures or in plllars, It can, howewver, meMma

he of thi preconditionsd ground 10 absor

from disiant eve hig G2 nE
anergy that might alherwise lead to In-stope damage.

An improvement [n hangingwall siabilily has generally been noted in
preconditioned argas. Fraclure mapping has [ndicated that a raduction in the
prevalence of adversely-priented fracturas was probably the major contributing

faclor to this Improvement.

agpects of praconditioning a significant Increase In the
improved fragmentation, has also besn

In addition io the safaty
tace advance rals, conalstant with the
notad. During praconditioning ihe average lace advance rale Increasad by almost

50 percent, This incraasa meant Inat the mining cost por area decreasad about

15 percant.

Tha effect of pracondltioning on impraving Ihe drilling rale of production holas
was also significant.. Whare the total driiling limas warg comparad in
preconditioned panals, || was shown that 1558 {ime way
In preconditioned panels, despite the fact that more
wera achisved when the amount of

un pramndiﬁnnad ared
actuglly spent for drifling
matres were drlled. Higher drillng rates
explosive in ihe preconditioning holes wWas increasad.
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8.5 Optimisation of preconditioning

¢ lhe hlast parametars for faca-

T 1
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perpendleular precondltioning were less significant Ihan the clear posilive

mg preconditionad areas s wlth non-

differences ohserved when compari
in mise (ne effacivenass of

praconditionad ereas. Howaver,
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precondilioning, it is advisable io optimiss the
preconditioning s imp lermentad in new environments. PI’E[:IIEEhW and El.lltablll‘fl'.f

W T - o

should ba the majer concems. Compromising he optime
lication ﬂen\nunhn iz nfﬂfﬂmbh o dlBrLIDt' tl"l m'nlﬂg EII::IJ\l'iI;}l' Unrﬂfﬂﬂsﬂrihﬂ
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wWhen considering dril-stael lengths, optimal results wers achleved for face-

perpendloular praaundllmmng hales Wmiwmﬁdﬂﬁbﬁ%mﬂhﬂaﬂh

marginally better than those

from 3.8 m dnll-stsals Tha latlar dnmﬁawﬂghwﬁghﬁrdrﬂhﬁiﬁﬁﬁ

ical marits af using the

3.2m drlll—staals in the confined space of a stope lace akao cutweighad whatower
Improvemant In preconditioning effect might have been derived from the longer
drill-gteels. The use of 2.4 m drill-stesis is not recommended, although

preconditioning even with the shortar drill-sleals i more banaflcial than o

preconditioning at atl.

Tha use of a 40 rm dlameter dril-bit with the 3.2 m long drlll-slee! yielded
sormewhal improved resulis. Howsvar, potentlal practical problems (hat could be
gncouritersd whan Lsing drill-bits of two different glzas in the stape may oubweigh
ina of uging the larger blis. Themfare, tha use of drilkbils of tha

the potenlial gai
same dlametar as Inose used to drill the normal production holes ks

recommended for drlling tha pracondilionlng holes, in order lo fadlitate the
successil integration of preconditioning into the production routine.

Analysis and inlerpratation of tha GFR data indicated that Ihe aHeclive zone
around each face-perpendicular precondiioning hole extends 2 m alang tha
slope face. Thus, 3 x| s spacing of 4 m betwien preconditinning holes 15
recammended for effactlve preconditioning of the whole length of the stope face.
This should prevent the formalion of hard palchas of locked-up fractures ahead of
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the face, which could atiract siress concentralions Ihat lead to an increased risk
of face bursting. In practice, the spacing batwesn adjacent precondltioning holes
is influenced by the spacing hetween packs at the face, but it Is importanl that
this should ot be allowed to result in an increasa in ha hole spacing 1o Leyond
the recommendead maximum.

e e
(8}

The saismicly, CoNvergance MEASEUET s an
paad la pemnare tha :-hnra._:tanal.lc& of Dmmnd"lﬂ ned and U”'Wﬂlhﬂ"&d
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argas of tha slope, have conlributed valuabla insigh
[ Eap— e T T 3 nrﬂf-ﬁﬂ!"'l‘hﬁrllm HﬂWE'u'EI’ thE:SB da
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revealed significant differsncas ameng the resulla from he us
racondltioning nararmetars.
Pirad B el F A = r

sluable tool In quantifying the

lmpmmdmnﬂsBQround n:undnllcns derived from: iha use of precanditiening:

aull ul=0-h#: 'n-anI'IEI'IEIII'IﬂWE-" Prﬂﬂﬂs
Howevar, e res L

conductad a5 part of the uphmlsatlm study wera ambigoous, Nevertheless, the

results suggesled that the use of largar-diametar drill-bits mig hl provide for more

effective preconditioning.

in high-stoping-width-areas, it was
r working envircnment in lamms of

After a proper and regular implemantat|on

observed that precondilioning providad a safe
protecting tha mining facas from potential facebursts, However, overhanging face

shapes could net ba elimnated when ha preconditioning holes werg drllled in tha
ridcie of the stope height (ié. gqual or graler than 1 m from the :c:untact batwasn
the reef and hangingwall). When prec.mditlunlng holes wera posiliongd al abuut
&0 cm balow the contacl betwaen the reef and hangingwall overnanging face

Inated and [mproved nangingwall condliions ware obsarved. In

werg alim
oS dvance per Hasl was

addilion, tha production perscnnel raportad that the face a
increaszed afer the intreduection of precondllioning.
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8.6 iImplementation of preconditioning

| I . J |
Dol anauys In=na

Praconditoning i

azardous aran

as
wheravar it has bean Implamented correctly under suitabie

o

cendilions,

have been trying to implement pracandltioning under inappropriate conditions or

QYL LNy bl Fe

io solve problems to which precondiiioning not suited. In soms places, the use
of preconditioning has been discontinuet because of the resistance
production personnel, which has resuliad antirety from the adverse effecls of
incormect application:

— Thers s 5 clear nasd for animplementalion taam that can provide assistanca in

the implementation of pracondilioning and the training of parsornet onindividual

mines. Such an implemantatkan taam shoukd congist of at least two individuals.
one person who understends the fundamentals of praconditioning and anoihar
wha is famillar with |ts practical applicatien and can communicate affaclivaly with

the workforce in the underground emironmenL

Tha education of all produciion personne and the training of tha slopa crew are

ough these stops may nol ba sufficlent for succassiul
knowladge Iransfer should take place

and Iraining sasslons | the

assoential, alth
implemantation of precandltioning. The

through bolh education sasslons on slface

workplace underground. It is important hat regular folow-up take place for a

perlod after Ina initiation of pracondliioning at & site, The mine's safaty and
training personnel should also be aducated and trained so that they can canlinue

the process afler the implemsniation tsam has been withd rawn.

impartant agpacls of an effective Implementation programme is

One of the most
precandilioning o &

the aducation of tha workforca priof 1o iha introduction of
naw gile. The workers must ba rmade awara nol only of how to apply tha
pracondilioning comectly and of the nesd to do o but of the direct banefils ko
lhem in (hair working @nvirenment. Therefore, a detailed sducation and Lraiting
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schame has baen lommulated on the basls of exparience gained at the research
sites and during Involvement with plict implamentation programmas at cthar siles

i the industry,

oL t oo 1 | o e

Thea stopa crew must be convincad af the B Need o imMpiement preconGiiiiing
succassfully, rather than viewing precanditioning as an wrder to be carrlad out.

TRALE Biw'® & Wnam

During the education and raining of the stope craw, the direct and in

Jnmblm m bl Jom doerime o ey Eom et he l:-lgarl'u' Exﬂlamﬂd as well a3 the Eafﬂt}l'
ITIRARILA LIRS IR W TG O7 RN e

Py L beam

benofils of pramnr.rlhmlng Soma adﬂltlunal sefety incentive bonuses may oe
lementatlan of precendilioning s ince

::\DFISII]EI'B{:I io ensuIE prope
faurd to be a cost-affective safaty measura.

mgmmmmmmemnﬂmc_IWgaspannfﬂmmdenlpmmmwmmﬂghh

Biant=COnThol S onn BI tﬂfﬂlﬂw

recommanded. THis would ena

—uameamphalmwmmﬂfﬂfﬂ'dﬁlmlng requlremant In eddition, sudils shoutd

be conducted by 1he mine's fock mechanics personnal.

number of mines hava been

It Is emcouraging lo see that & significant
o ater dagrea. |t is expacted Ihat

implementing preconditioning Lo a leg=ar OF gre
wilh Ihis growing pool of expenance of the bensllts that can be gained from

precandilioning, many more mines will start Implameniation and many more lives

will ba saved.

8.7 Assessment of the effects of preconditioning

In order lo be abla to assess the affacts of precondilioning it s l'mpnrtanf lo al:.mtaln
some informealion regarding rockmass bahavigur in & parlicular stope phar bo its

introduction or, st least, from a nearby comparabla arsa. This is especially
ch preconditioning has net been evaluated

before. Although intansive rnanltoring of the sort that was carfled out whila

racondilloning is not required for the Implameantation of
o conductad to ensure that

impoartant in an anvironment [nwhl
developing p

precondlitianing, sufficient mionitoring should b
sreconditioning s effective.
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Tha effects of a properly exacuted face-parallel proconditioning blast on the
panel face are readlty apparent. The blast will rasult in scaling of rock from the
faca, with minor amounts of shake-out from the hangingwall, the extenl of which
is dependant on the positianing of the hole and the amount of karring that the

[P i i lee (ol = nnlﬂ‘hunlu

face area has Uﬂdﬂrgﬂl"lﬁ Extansiva dilaticn of the facs indicalas Wnal 3 rgatival
enlld fams has haan dieplacad Inlo the vold of the siope o gocommodate the

Wl B ] ILHeF W R promw s =

sl 0l e bl Af e

deformation of the rockmass dus to the opaning up of fractureés angad of ina

stope facae, Such observations are not poasibla in the case of face-parpend|cular

P ——_...l_ll.m TN Y

precondilioning, whare the precandiicning blast is initigiad concumently witn hs

produciion blasi,

Regular examination of tha faces and hanglngwall should revaal slgnificant

L - |
diffarercas hetween condlions bafore and after the intraduclicn of

pracondifioning. The face s

hgnglngwg"_ghguld_be_mjuﬁﬂf pr&mn:htmnlng has beeEn in UsE fra

perlod. The shapas of Foles drik 2

slengated, reflecting the reduced stress levals acling on the rocl-:maaﬁlﬁﬁd’af

the face.

ki be avallable prior (0 anrd throughout Ihe

Sufficient seismlc coverage shol
Ihe recorded

pracondilioning penod to anable the pvaluation of changes o

selsmicity patterns. If the genersl gaismicity pattems of the slope
avaluated, an understanding of the sffacts of preconditiening on thoge patterns
can ba galned. The effeciiveness of precondilioning can aisp be detenmined e
ty directly assoclatad wilh recorded pracondiliening

ch Ihe

can be

an analysis of the elsmid
blasts. Thia, of course, & parlicularly appllcabla to sibualions In whi
praconditioning blast is Inlliated apart fram proguction blasts.

nce rates in (he stopd can {zclitale awaraness of
sondltions. Marlations in convergenoca can

n energy being stored shead of the stops

e actual convergence wilhin the slops, The

A history of lhe convarye
rockmass responsa to changing
provide Indications of Increasing strai

face, Converganca slalions provide Lh
profils of these convergence plots |s the resull of both the geomatrica| changs in

Ihe excavation as the face advances and iha lima-dspandent bahaviour af the
rackmaag, The (e tima-tependont bahayiour of the rock can be identified by
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using convergsnce instruments that record In a cantinuous fashicn. This may
also be routinaly usaful in identifylng Ihe sress level ahead of the lace and the

afiectivenass of precondiioning blasts.
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9 RECOMMENDED FUTURE RESEARCH

Further research =hould ba conducted on tha following subjects:

» Lhe davelopmeant and the optimisation of pracondltioning lechniques lor

devalopment ands,

+ the affect of precondilioning on Intensaly bedded and / ar highly fractured
hangingwall;

+ the effect of pracondiiic atls
pariing interface batwaen the reaf and hanglngwalr

» Lhe drilling of lonp preconditioning holes In panels where backfill 13 kepl
very cloae to the faca;

» the sffacts and the oplimisation of preconditioning for safer ramnanl

axtraclion; and

« thae aptimisation of the timing of the tace-perpandicular preconditoning

blasts for the most affective integration into the producion blast,

a7



APPENDIX A: CRITERIA BY WHICH PRECONDITIONING

BLASTS WERE JUDGED
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Criteria by which preconditioning blasts at
Blyvooruitzicht Gold Mine 17-24W pillar
preconditioning experiment were judged

azzazameant of tha eHvaness of individual pracondition|ng blasts.

to thea amaunt of explosive US i

o the sité in the 24 hours hollowing

Lthe blast: adjuslad according 1o wnem—oﬁmrfrwarawﬁdruthmrmasw

ancther panal on tha same day

3. The largest magniluda of the subsequant seismicity: seismic avenls of M20.0
ndicatad addiflonal release of storad strain enargy over and above: that
released by the blast ilseil.

4 The evidence of spallal migration of the subsequant ssismicity: migration of
subsequant saismiclly away fromn the site of the blast indicaled the effective
rediemributlion of strass in the rockmass by the blast.

5 The convargenca ratorded on the following day: adjusted according 1o
whather ar not ihe maazurament was made in the pane| of tha blast orin
ancihar papa), and whether or ot thare was a produchion blast in anolhar

panel on the sama day.
The critical values and rating system
The rating system described balow s ordered with the values for a “lypical”
precondltioning hiast given first, Fallawad by those Jor an underachieving blasl

and then thosa fer an Bxceptional blast

Starl with D polnts.
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1. Blast magnitude {Maw):
2 |f Mpigy ll28 in the range (g sxplogiva/iB0)0.5, add 1
s | Mpugy i8 bafow this range, add 0
v 1 Mou & 8bove hig ranpe, atd 2

s If thare was Ng production Hast
re gre falwean {0 and 19 averils, pdd 1

& i fhare ara fawer than 14 avends, actd O
o Ifmmmzﬂarnwmamﬁ.ﬁidz
+ i there was 8 produclion bhast
ﬁmﬁaamaﬁ%mmahmmam1

(]
e  Hiham ans fower fwar 20 puveiits, ad
o iMthera are 40 oF moe avans, add £

[

Largggmmqﬂammmm%ﬂ“ude:

« [f the largeasl avanl magnitude (e = ummmm&ﬂﬂﬂ%ﬁﬂﬁdd |

v If mmnmmwmagﬂlﬂlﬂﬂi& M=0.0, add 0

a [If the largesl event magnmwjdﬂq—

—Spaiial migration:

« [Fihare iy some evidence of migration, add 1

« | there ia no evidance of migratlon, add 0

» [ thare i& convircing evidencs of migrailon, add 2

-

5. Convargencs:

e I ths convergBnce Wi meagyrod jn thg pangl al the praconditioning blast
o IMhe convargence |s 73 maot or mMars bt hess than 30 mm, add 1

I[ {tve conwargence s ksa ifign 15 mm, add 4

a
o Ifthe convergance & AQ im o freve, B0d 2
» |f the convErQanca Was in grnalfer and thare was o produchion
Dleal
o Hihs convamgencs & 15 vmi O ore bl fasd Har 26 mm, a1
a I lhe convanjence i teys thart 7@ mon, add D

i ihe convergente is 2 im o mmore, Bdd &
ey in gnotOar | and IMere was a production

[
a |f N convargence was M8

baat

e |f HhiBe COem
H ther convengence |e [#s5a than
If the convengance = 40 mim or mors, add 2

rgance |s 20 mm oF Mo Bt ezt than 40 mm, add 1

o 20 s, 8dd 9

o

Rata the premndltiming blast {l.e. calculata the percantage} out of a possibla

total of 10 polnts.

A20



APPENDIX B: SUMMARY INFORMATION FOR EACH
PRECONDITIONING BLAST
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APP :
ENDIX C: EDUGATION AND TRAINING MODULE
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EDUCATION AND TRAINING MODLULE

Intraductian

In this section, tha instnuctor shouid expisin what precondiiloning ¢an be
¥nacted to achiave and, ae importantly, what |t should not bs expecled to

LT LR B SLe] IR e TRy
aceompllsh,
Pracanditioning rockburst control technique Inended to allaviate e affecis

siamic avents on the stope face areas, with speelal

N —— L | — '...,
A wprw e SR e

af poanialy gaEii iBging ERISMIG
reference to face ejoction type rockbursts. Preconditioning is nei a subslilute for

LR FY i gracuce 1

mining. Sensibke mine planning and aa:laquata auppnrt design and Inslalizion

oontinue to be importanlwhen praconditioning is applied.

The faceburst problam

Praconditioning will generally ba applied in facebursl-prone areas, 60 that the

workfores will usually be familisr with the Facehurst problem, in terms of ita effects

an ground cenditionz and produchon delays in tha stope. The instructor would

explaln the buikd-up of slresses In tha fractured rockmass mmedialely ahaad of
e advancing sinpa facas snd thal Ihe mckmess bursls when (hase Siresses

exceod the load-bearing capaclty of the rackméss. Tha faceburat problem is the
physicat manifestation of high face stnesios. What is nesdad is some maans of

régucing the amount of siress acting an the stope faces.

Pracondlitloning

Tha maln goal of precondiioning is to iNCrense worker safgty by reducing the

frequency and soverlty of face bursting and by raducing lhe potential for
rovkburst damage at Ihe stope faces, Eracaaditioning makes use of Bxplogives In
the fractured rock ahead of mining &lopa faces to creeta 2 dastressed zong
immadlatety ahaad of th preconditionsd faca through stress transfer away from
lhe face and, possibly, to riggar Farger avenis aftshiit. Ganarally, il hos basn
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