fracture length around an advancing stope as darived from a viscoplastic modsl
ig shown by a dotted lina and the cumulalive number of the recorded seismic
gvenls subsequent to the productien biasi is shown by a dashed iine. it was aiso
noled that e pracondltioning blast, which is shown by a solld ne, exhibited a

similar decay In seismicity to the face biast, avan though ihere was ne change in

siope geometry. 1 musl be noted that the vertleal axls of this plol has arbilrary

units.
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Malan and Spottiswoods, 1897)

As slated above, the procass of mockmass dalormatlon near the stope face must

refloodad i the foebbrmnee rgenoneg in thae zlane itealf Canvormanes coroenod
H o SE MEsSponsEg Ininae Sape | - LLOMVENEaNeS NeoH0el

following a blast should reflact the time-dapendant affects of the fractur& Zon8.

dependant decay in tha cohesive SIrength. the convergenca reaulling fro
savaral mining gleps approximalad the response recorded from within the stopa
{Figure 5.2.8). Tha convergence prafile of flve mining steps as daterminad by a

vlscoplastic model is shown as a solid line, and the convergenca preflle obtainad
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from actual measurements at he project site is depicted as a dotted fing. During
live periad of measuremanis only two produciion biasis 100K piace. ii can ba seen
Ihat a good comelation exisls batween the maodslled and actual convergence
profiles both bafore and after a face advance. in addition, it was aiso shown ihat

a relativety large saismic event (M=1.1] near the face rasulted in a similar trend in
the conwergance proflle.

The cantinued convergence recordad some time afler tha blast as shown in
Ciriira B 7 & st b o an indicesbses oF na daaroos nf ctraimoangrogr oee e ldalioe
'_'H LEAIEF L. k] LAJLINA /L EERD b ISR dwrl W' bl I H"l'rl' e STl W RITWAFRL T W I v’ Lo L A LTI RELY ] oL il )

wlthin the rockmass. If this is ihe caza, time-dependent reaponses could ba woexd
to "pradict” anomalous rockmass behaviour, which could ba an Indleation of the
necesasily to pracondllion a particular production face.
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Flgure 6.2.6 Comparison of modelled to actual convergance profiles

The usual convergence / ride measuremants (Pipsr and Glrtunca, 1987) are

lermed “leng-panicd measurements”, 35 these are oblained by taking daily
convergenca readings with typlcally a 24-hour interval babween successive dala
pointz. The profiie of these convergence picts is the resuit of both the geometrical

change in the excavation as the face moves away from the measuring instrument
and Ihe tima-dependent bahaviour of the rock. Tha lrue lime-depandent
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bahavigyr of the rock can be |denlifed by using convergence instremenls such as
clockwork convergenca meters racording la a continuous fashion, Typical
continuous convergance resulls obtained for a VCR stope panel are lllustrated in
Figure £.2.7.
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R
PRIMeRY
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rd Magritde 5.7
BAGT : Bhd?
E .|
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Flgura 5.2.7 Typical tima-dapendent canvergenca data measyved
with an instrumant that racerds In a continuous fashion {affer Malan,
1948)

Nets thal there is a primary corvergence phase including an instanlsnecus
increasa at blasling lime, followed by the steady-slate convergancs phase, This
datalled informalion is ost if only dally measuraments are laken. In slopas whara
VTR is mined with hard lava In the hangingwall, tha inslantanequs convargends
b bdaalion o ramingnt amed foene a ciamifiant soden AF e Asile skt ancs
[ =19 mna.".‘u I r.l'lulllll"-"' L - INLT B RSN R AL ﬂIHI [LIRL e LAl ] P'ulll.l'l.lll i W 'a.l'l.lll,' H‘I"II‘-IH\.IIU“-’-

Howevar, Malan {1988} also found that the instantanegus convergencs al
tazting {hme decreases as the distance from the face to the measuring

Instrument incraases. With sufficient distanee from the facs, it may disappear
srtiraly. The relallenship betwesn conlinucus and daily measuramenis |4
ilustrated In Figure 6.2.8. Note thal tha inslantanagus convargence at blasting

time decreases as Whe distancs lo facs incraases, However, lhese profiles are not
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raal data, but were gansrated fram an analytical lime-dependant convergence
model.

600

Time {hours}

-t

Figure 5.2.3 Relationship between continuous (zolid lina) and dalby

(dotted line) canvergance measurements {after Malan, 1958)

O importancs to preconditioning is Lha indication from this preliminary study
(Malan, 1998) that, for aneas prune o face burating, the instantanegwes response

cloga to the face [s very large, w R ate-follow
ihig |s small. In areas where the rlsk of face bursting ba 10w, it appears that Iha

inzlantanedUus responss it srmail, Toliowad by a high sigaly-Siate convergence

rata. These measureimenis could, tharsfore, be developed into a measure to
idenlify areas wherg preconditioning should be appliad. It should, howaver, ba
emphasiséd agaln Ihat further work is necessary if this hypolhesis is t0 be
proved.

Modelling has inglcated that the instanlanegus convergenca response la thm
=T

resull of the instantasesus strass redls libution following a minlng incramant, For

slopas that ara considered prona to face bursting and hat have a high siress
pesk chose to tha fack, thera is 3 large red|siribution of strees after blasting and.

tharefore. a signiflcant Instantaneous convergence response. For stepas whars
tha siress is low in the face area, the instantaneous rasponse s small. High
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steady-state convergence rates, on the olher hand, indicale a graater mohility of
tha rockmass, which resuits in ihe stored sirain energy in the face afea baing
dissipated in a non-violant mann#ar.

Although ne continueus convergence data was collacted for Ihe preconditioning
panels at the pl'l:]]&[:t site, thers was an increase in lha wnvefgence rata ag Soon

an increase in the instantaneous response at blasling lime and an increase In the
steady-ziata convargancs rate, The instantaneous respansa i oxpacted to ba
larger, as a larger strass transfer will take place hecause of a larger volume of
rock ahead of the face being affected by the pracanditioning,

B.2.4 The eifect of preconditioning on stress-wave

transmlssion through discontinuous rock

Underground observalions nayve Ndicaten el precondioned siopes e
gonsrally lass prone 10 damags caused by seismic evanls occurring at soma
distance away [rom Ihe slope face. A passiple mechan|sm contributing lowards
the reducilon in damage 1s assccisten with ne axtangiom of ins iraclute Zone as
isting dlscontinuiiles belng mobllised by the proconditioning blasls.

Sireses waves ane inliated by the swddan rupture of lault and dyke Interlaces, and

propagate towards the stope. In homagenadus, Intact rack the ampltodes of the
strass waves attonuale In inverse proportion be the distence propagated. This Is
called gegmetric attenuation. In discontinuous rock, howaver, tha incidant wave
enary is rellected and refractad at tha disconlinulty Interfaces. Tha amplitude of
lha strass wave Ihat interacts with tha excavabion surfaca is thus sianificantly
raduced [0 amplitude due lo geometric attanuation, ag well 24 energy refleclion.
In a highly discontinuos rockimass More anergy i3 refiactad and the refractag

povtion that

magniluds.

Dashnke [1997) investigated the reflection and refraction charactanslics of
varous discontinuity types. A non-cohesive Iriclional interface model was used o
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Investigate the wave interaction wilh rockmass discontinuities ahead of the stope
tace. Howsver, Daghnke's {1997} analysis ol a llnear spring model is invalidg n
the case of fricional contacl since the problem is non-linear and cannot be
analysad by simpla supRrposition of hanmonic wavafarms.

Precondltioning blasls gensrale naw fraclures in the reel horizon and mobllsa
and extand the axisting disconlinilles ahead of the stope face and, hence,
compared ta aoo—pagondiionad stopes, tha excavation ia more affaclively
shialdad 19 Incldent stress waves. This raslls in raguced peak particle velocitias

in Iha immadiate vicinily of the excavation, and potentislly less slnuctural damage

Ly the rook0ass,

6.2.5 Postulated preconditioning mechanism

The strass flekds and gas pressures ganeratad by preconditioning blasls
remapiiisa tne oiotks defred by mining-nduced fachyes by aheesing Gvough,
asperitiss that are raspunsible for the “lock-ups” on the fraclures. In the process,
strain energy release is facilitated by Ihe stable sliding of blocks past sach other,
and the ik of oocurrsncs of face Pursting furing the producion ehift 8 reduced,
Preconditioning resulls in the redisfributlon of alress away from the working face.

and, thus, In ihe reduction of a facabuarst This is shown in Figura §,2.8. A

precondilioning blast, through remetiiisation of Tratiures and non-vicient Teleass
of straln anergy on thase fractures, generales a destressed zone ahead of the

incoming stress waves from distant svenis. | I this way, @ cushlon 2one is
generatad and || bacomes poasitls to rminlmise the extenl and sevarity of
damage that may oacur as a rasult ot dista nt avants.

A preconditioning blast normally generates 8 vary localised crushed 20na of rock

surrounding the blasthole. Tha slze of this zona is depondent on the rockmass

charaeterlslics. strass state, blasihole diamster and tha type and amount of
axplosive. Surrounding this cnyshed zone, an outer fractursd zone whera blast-

Induced radlal fracturés Occur is Fiso gonerated. It wag observed that this zona-is
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normally limited to the region babween the hangingwall and the footwall {i.a. resf
horizon). The grealest effect of praconditioning in terms of remobilisatlon of
gxisting fraciuras happens within and some disiance bayand inis zone.
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Figure 6.2.9 Strees radistribution browght about by praconditioning

Precondltioning changes the state of stress on the rockmass, as well as

physically soflening it in the immediate area surrounding tha biasthole, However,

it i likely that, il tha conflrement wers to be re-established In a previously
precondltioned zone, the pracond|oning effect could be reversed. It has bean
shawn, both by underground cbaervatlon and by computer simulation, that this is
possible. Under cartain circumstances, il i3 possible thet stress can be

transferred hack lowards the face area. This could happan either through the

irangiayos DG il U 808 difitd. LA LA 1 AF

affacts of large seismic events near the face, or of poorly posilionad

e e ilien e holes. o oy |r'|h. the r'F!EIPF‘Ile'EIjﬂD of bock-uns dus to lime
Pluw‘lulllu!l I =iy wn r= ------ Lo e

depandsnl deformation of the rockmass.

If the mecheanlsm of preconditioning was only one of new fracture genaration one

wolld expact to find new fraclure groups In the hangingwall of the precondilinned
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panals. However, on the basis of the findings from the previous chapter, no new
fracture groups wera found to ogcur in the hangingwall of the preconditionad
pangls bul very locaiised biast-induced fraciuring was observed around ihe
preconditioning holes in the reef plana. So, the most likely machanism of
preconditioning is the extension of and the causing of siip on pre-existing

ractures. There is avidance of re-aclivalion of pre-sxisting fracture surfacas n
tha precondilionad pansls.

The shake-up of the rockmeass and the gas s producad as a resull of the blast are

b o memeendlitbaninn hlasl g4l :Ihrrnllmg &lin g__lhnfr LIFD
wo 'lnlﬂyﬁ lﬂ wnn_.u g (L= conaitiont iy Diasl adually CaLsas TraciLire

surfaces. The shake-up of the rockmass as a result of the blast could allow
praviously lammed asparilies or lack-up points In 1he jointed rockmass o slip,

allowing for further slip across Ihe whole fraclure. The gas producad by Ihe blast
penelrates through the fractures at high pressure, reducing tha affactive siress
acting arross the fractures and, even, propping them epen. This could allow

shear across previously jammed asperiliss and enabla slip on larger areas of the
fractura surface. Ship of fracturas due to gas is believed to be Ihe dominant

pracondibioning mechaniam and, therefure, a high-gas-ganerating explosive
would most effectively preconditlon tha rockmass.

In arder to dissigale slrain energy by enhandng shear mobilisalion of the
discantinuities and the breaking of asperities, lhe mechanism of preconditioning

iz ane of opening up pre-exlsting fractures ahead of the stopa face. In lhe
pm::.ass, blast gases can also penetrate and separate Lhe distinel treddlng planes

pracondiionad zone will nut be able to penstrate his weakenad bsddmg plane.

Undar these clrou inetancas nn'sduclinn-hlast frachuras will truncate bafore thgl.r

cause damage to the hangingwall,

Tha mechanics of precondilioning Involve destressing tha immedials rockimass
as a result of loca] slrese Iransfer. Local read|usimants n tha slale of siress in
the zone of fraciured rockmass ahead of the face that ha= been =ubjacled to he

precondilloning process result [n the strass being shiftad to adjacent arzas of the
rockmasas oulside the diract influence of the precnd(tlening blasL The benalit of
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produced in the immed|ate stope face. The high slress In the immedlale face that
can resull in facebursls is no lenger presant and hence the potential for face
bursting is drasticaily reduced,

T S

Az lhe machanism of pl"EGDﬂﬂlIIOnIFIg i one of s5iress iransier I'ESUH.II'IQ from

Inducad deformatlens in the fracture 2one ahead of the face, rathar than oma of
actually modifylng the matanal propertias of the reck, the zona that |3
precondilloned is =kill capable of camying blgh Ioads. After a pane face has bean
preconditoned, It ls passible that subsequant mining of Ihat face or of adjacent

in the trancfer of stress back anto tha preconditionad rockimass i

= 1k1=] Lo W WL W e = 1w WMl LA |

nothing is dana to prevent this from happening. Thus, the effec! of
precondlboning is keallsed both in apacs and time.

g
-

The strase |s radistr/bubed in the rockmass In respenss to bolh mining and
preconditioning and Lhis stress transfer is a dynamle, engeing process. The

precondltioning process must be [ntegraled into tha production cycle in a

santrolled, sequantial menner, This sequence must be angineered t¢ enaure Ihat
the moat fayourable stress distibution for maximum face slability is maintalned at
all imes. In the ¢ase of faca-parallel precandltioning, this maans that the arder of

Lo i e da Blaa | [

preconditioning must be sequantial, from the lagging & the leading panel. in the
casa of face-perpendlcular precondilioning, the preconditioning tlast must be

meintained 2a an Integral part of the production blasl.

Despite the assertmn thal tha effacls of pramndltruning are logal, it has baan

avents aocur subsaquent to a pracondillzning Mast Tha maost likaly cause of
thesa large svenle eithar Immedialely aftar a preconditloning blast or some tima
later |5 related to the slrass Iransfer accurming in the rockmass. Tha
precondltioning blast initiales the immedliate transfer of stress from the
preconditicnad rock ohte N8 adjacent rackmass. If this adjacent rockmass Is
sirgady highly stressed and In a condition of unstable aquititium, It will also
undergo a phase of readjustmenl. This readjustment results in a furher stross

transfer anta othar adjacant rock. This process ¢an propagate through the
rockmass in g form of “chain-reaction™ as local zones of rock readjust and re-
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gquilibrium bul, If In tha course of this translilon o a new stals ¢f equllibrium a
largs Iecal instability is encounlersd, then a large seiamic evenl can ba iniliated
or triggered.

6.3 Summary

There are two mechanizms by means of which the preconditioning blast aclvally
causes slip on the fraclure surfaces. The first mechanlsm Involves the shake-up
of tha rockmass 85 a result of the blast. This could allcw previouzly jammed
asperities or lock-up polints In Ihe jeinled rackmass to slip, allowing for furthar slip
across the whole fractura. The secand would involve thae penetration of Iha gas

produced by the blast hreugh the fractures al high pressuce, reducing the
affective stress acling across the fraciures and even propping them open. Thia

araas of the fraciure surface, Preconditioning involves both of these mechanisma,

The mechanism of praconditioning is one of opening up pre-existing fraclures
ahead of the stope face so as lo dissipale straln energy by @nhanclng shear
mohllsation of the disconlinuiles and tha breaking of asparities. In Ihe procass
blast gases can alac penetrate the distinct badding plans thal ovedles many
roafs, weakan/ng or even detaminating this plane. Any fraclures thal have g

tendency to grow In Ihe preconditiened zone will not be abla to penetrale this
wazakened badding plana. Under these tircumstances, produclion-blast fractures

will runcale befors they i H:

The machantcs of precendilioning involve fhe desiressing of ihe immediats
rockmass as a3 result of local atrass fransfer, Local read|usiments In the stale of
stra=s in lha zone of fracturad rockmass ahead of the fece Lhat is subjecied Lo the
precenditioning process result In the ovar-burden Ioad haing shifled to adjacent
areas of lhe rockmass culside Whe direc! influense of the preconditioning blasl,

face burating is draslically reducad.
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The effocl of preconditioning is locallsed both in space and lime. As tha
machanism of precanditioning is one of stress ransler [rasulling from induced
deformations in the fraclure zone ahead of the faca), rather than ane In which the
material properties of lhe rock are modifiad, the zane that is preconditioned is skl

AR fry ey = Nooer

capableolca ving PncHfoadsAfter a panariate s oesn - preconcidaRes

Of practical slgniflcance is the fact that streas Iransler is a dynamic and ongoing
process. Tha stress is redislibuted In the rockmasa in respense to both mining
and precond|tioning. For this reason, the preconditioning process must be
production cycla in a tonlralled sequential manner. This

ha
satUence must ba enginesred 1o ansura thal the most favourable siress

UBian for maximum face stabliity is maintained at all limes.
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7 IMPLEMENTATION OF
PRECONDITIONING

7.1 Introduction

Afler the successful implemeniation of precond|tloning at research slles and the
complelion of a comprehensive monltoring programme, Ihe project team was
assigned to investigate and formulate The best implementatlon procsdurs for

precond|tioning. The maln iask of this broadtly definad assignment was to

invastigate the feasibility of lorming an im plementation leam thal could provide
ssslstance with reapect to the proper Implemantation of preconditioning and the

Iraining of personnal on ndividoal mines- imorder lorachteve thisaim, the set oot
belaw, In point form, was adopted.
+ The applicabliity of preconditioning as an implemantable progduction
techniqus was assessad,
+ Tha knowledge that needs 1o be transfemed to industry for tha successful
implamantation of preconditioning was |dentliiad.
a The besl way to enable this knowladpe transfer was determined.

= Jhand i
and irnplamant the preconditioning was [dentified,

s The implementation {@am was appeinied.

= The polential implermantation sites in the industry were [denltified.

+ Fiald trigls on guitable minas wers Inilkated.

¢ Regular audits wara conducled to ensure the proper implementation of
preconditioning.

Prior I tha initialion of Ihis task, research reaults wera communicaled malnly 1o

' T | | e P T Pl ermiee e et smdens bas
ine rock MecnAnNCE SHTNTWH vy i o SOUIN Acan Gl MIning inusiy oy

maang of saminars in which interactiva discussions were encouraged, Since the
rasgarch results wers very positive, discussions concanlraled mainly on the

implemeantalion issues thermaalves.
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7.2 Implementation experiments

Durlng the face-perpandicular precondifioning expenmenl at the project site al
Mponano nn!ﬂ rmina the iniligl EI"ICCILJI'E.UII‘IEI resulls pecame comman knowledga

b b A

among mermbers af the production team. Subsequently, the project team was
asked to help implemant the technique at a few clher stopes, inilially al the sama
mine and then at a few other mings. The level of confidence in ine resuils

abtained from the research slte grew, as simllar results ware achieved at olher
Implementation ites. In addition, yrealer exparencd ol vanaus aspects of the
implementation of praconditioning was gained,

implemantation of preconditioning wera than determined, A private consuliing

e AN ke Sl copina nr+ tn camy oot |nh=|nr|nu.rl= with
COMPANyY SQEILILEN& Aoouly LU=t W

L= LR AL L b

mining personnsl to aseess Ihelr attlitudes towards safely in seismically aclive
arsas and the roke of preconditioning in improving safaty. The consultants also
acslstad in evalualing the mining personnal’s visws on the methods of fralning
ihat would hest faciiate the effective implenentalion of preconditioning on the
ralnes. The survey was conducted at the projacl slte after the preconditioning
exporimant had baan running for some lime. It ravealed a provalling attiluda that
latar conirlbuted to the demise of the appllcalir.m of preconditioning at thal sita.

W hlla the workers ack
the Introduction of pracondttlunmg had hroughl about, lheyr wars umwilling to do

T l'-;..—._

the precanditioning without axira pay for thear efioris. Tha resulis from this

axarclge have farmed an integral part of the process of knowledge ransfer to the
mining ingusiry.

When these mome recant findings and the current underslanding of
renondilloning were comimunicated Lo the mining industry via a number of

H U igp cEet == orllwyl

he rosponse was positive. Subsequently, several mines have started

t
tigning under vanious mining conditions. The prajact team hag bean

approachad on several occasiond by Individual mines for sdvice concerning the
lechnigue and Its applicability to their particular siluation and for input 19 ensure
that preconditioning is being Implamanted appropriataly. Conssguenlly, the
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projoct team has been Invalvad in & numbar of Implemeantalion activiies on
varipus mines. A few examples are given below.

Case example 1
Tha projecl taam was conlacted by Ihe mck mechanice dapariment of & mine and

asked to help implement face-perpandicular praconditioning at a particular panel
of a VCOR stopa at which seriaus faceburst probiems were being axperenced.
The actual implemantation of proconditioning was initiated afler llmlted
underground iraining of Ihe workers, A waek laler [t was repaorted that a
praconditioning iHast had triggered a smiamic svent that resultad in a falality and
soime degrea of damage to the workings. Fallowing an investigation it was found
that tha incident had happened a faw pansls balow the preconditionad panel. Tha

seisrmlc evant had occurred within seconds of the initialion of the preconditioning
blast In a panal above,

Engueries as (o Ihe reasons far the gary Inifialion of the precondiioning blast or
the prasenca of workers In the same stope during tha blast were unanswarsd.

Preconditioning was held responsible for the incldent and it was abandoned at
this slte. Tha lack of education and training provad Lo be negatlve factors that
counted against the implemeantation of precandiiloning at this site.

Caaa oxample 2

Preliminary fraining axerciges had been carmied oul an a ming at tha requast of
mire management. While the training was baing camied out, the sonior

p Ol L CANOH

projact leam and wilh conslderable success. What prormpted the mina to
undariake prEl‘:ﬁﬁm lipning was 2ev
complex area. After the infroduction

rockbursl damaga of any Kind was repnrtad.

da%ﬂ% Gf farm hl_ll_rghnh II"i Ihﬁ ﬂlﬁlﬁ!l‘lﬂ|ﬁhl|u

ce-parpendicular pracondilioning ng

In arder lo investigate how the mine implementad the precendilioning and to sas
lha regulte the projact leam visilad Ihe site. Luring thig visit It was found thal

precanditioning was not routinely carrled oul at sgme parts of the slope and hig
was immeadiately reflected in the condition of the hangingwall. Tha resuits of
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discuesion =azsion In the Irgining centre wilh the enlire alops crew on Lha use of
praconditioning proved extremely useful to the underslanding of lhe izsues
surrgunding its implementaiion.

Case exampla 3

Owing to tha greater interest in and usage of preconditioning at Mponeng gold
ming, whara the face-perpandicular preconditioning lechnique was lested, a
broader appraach was adopted for technoleqy transfer and the implementation of
the technique. Training sessions wers conducted with all safely officers and
training cenire personne o Maks thaim swars of the 1lechnique, the basic theory

the banefits and how to evaluate the effectiveness of these precondliioning blasts
frewn the visible affecis on the production faca,

Whils adequale tralning taok place at this projact sita the educalion of workers

was not adequately canlad out and, tharafore, Ihe preconception that

precandilioning represented extra work coukd not be changed within the
workforce, Payment for this supposed extra work became an issue that led to the

L] = s rr T T

precond|fioning baing discontinued when the project leam was wilhddrawn from
the sita.

At another stope In the samea mina, the Implementation of face-perpendicular
preconditloning was infiialisd by production personnet headad by a seclion shifl

boss. Very good results, similar to those from the projacl site, ware reported from

thig site. The project team visiled ihe site several times and oheerved that stope
slirehy

following up the whoie precess. At a laler staga, tha production team managed lo
the

Sl e Aie emmal  ndar
i i =H

muidanca of tha nrnlm-'l' team, {thraudh
e a 20 M OWilS (L FLE =L L Qact rGLge

& highly strassad slrlke stabillsing plllar, withowt any incidents. This was mainly
lha result of properly Implemented regular face-parpendicular preconditioning.

Casa oxamplo 4
This ming had hesn axpariencing difficulties when mining in the viclniry of

salsmically active geodlpgical fealures such as faults and dykes. While the
problamatic s1oping areas were mainly remnants, the difficulty of inlegrating Facs-

parallel preconditioning inlo the production cycle maant that the mine was more
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inleresled in attempting to apply face-perpendicular praconditioning to the
ramnant areas. However, al that staga tha effectivenass of face-perpandlcular
pracondilioning in thase mining environments was unknown. Another intarasiing
question related Lo the direct appllcalion of precondilioning 1o selsmically active
gaological fealuras ralher than to the stops faces. Previous experisnce at a face-

perpendicular precond|fioning site had shown that face precanditloning could
halp to minimise the damage causad by seismichy [ocated on gaological
discantinudties in the vicinity of the mining Tace. But, precondilioning such
faatures diracily had not been investigatad. Tharafore, It was recommendad that

______ Al b ieal mm lno forse o sl nlmico o dama
pramummmng D LIS W (PG IELAAT WF R IR IR Rion S ass s e

8
selsmicily assoclatad with the geological features, as wall as to pravant

facebursts caused by high face siresses.

GCase axample 5

axtraction, as very limited ground is available for primary mining. Thus, face-
mndlioning was racommended in order to minimise the facaburst ek
was mare interested in face-perpendicular precondilioning and the possibility of
implementing this In a pllar-extraction snviranment. Produciion persannel and
the rock mechanlcs depariment resisted Implementing face-parallel
precondilioning because of the difflcully of fiting It Into the mining cycle. A ralatad

reason for being mors Interested in lace-perpendicular pracondilioning was thal
the gffac of increasing the face advance rate had, by this fime, bean quantiad

= ra b =N T . T AT =Ta =M al-Td=1lT=]| Nl /=Ta'mlaln mle
"o i 2 5 tH P S T TIRLT

quanified.

Following tha discussians with mine management and the rack mechanics
department, It wag decldad to implement face-permpendicular preconditioning in
twa diffarent pliar-exiraction areas, with very limited Involvemeant of Ihe
preconditioning project kearn. Some time |ater, tha rock mechanics department

reporled that precondltioning had baen Implemanted successiully al one sita by
praduction parsonnal, but hat the project t2am's onolvemeant was requirad at tha

-
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ta time,

ce-perpendicular preconditioning and by leaving

about breast

ra satisfactory at the time of

down-dip ends of each dip pillar. The mining

probably because the down-dip side of the
a breast panel through the pillar, with 2

as shown In Figure 7.2.1, Although the

&
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on was to mine these dip plilars one a

The intenti

reducing the hazard by using fa
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the praconditioning project team expressed concem

conditions of the face and hangingwall we
mining under those conditions.

lower boundary is seismically inactive,

bracket pillars at both the up-dip and
gully on the down-dip side of the face,

fault s still unmined.
activity was carried out by advancing

the first visit,

Figure 7.2.1 implementation site (Case example 5)




The sile was revisited a few days later and gxtenslve falls of ground (FOG; in 1he
face area ware ohserved {(at the position indicated in Figure 7.2.1} which had
accurred after the first visit 10 1he site. This confirmed ibe concems of the
precondltioning project team with respect ta the braast mining in this scenario. It
was recommended that the advancing braast panel be siopped and a wide

{~10 m} advance heading be mined togethar with Ihe gully. The mining of up-dip
panels should ba stared once Ihe proposed advance heading holes inte the
other side of the pillar, It was also suggssled that implementing preconditioning
on the breasl pansl would probably halp to improve the silualion, but would ol

demkelo s oalaladn oo dirsetia ratalad tothe rruﬁlr'u‘! conhouralon, |t
SGW’E Ina ac{uﬂ| propiaim, Wty Was Gifcliny reiennd T il AN L

was stated that the project team would not be interested in implamenting
precond|tioning In view of the layout that existed, bul would asaiat Ifan up-dip

mining layoul was used. This pariicular implemeniation was nevar carngd oul

Case sxample B

Al this mine the managemant decided to Implement face-parpandicylar
J— winn om a bzl basls at ona of The [aceburst-prone sites on the mine

[ L= lhlllanlHlH_-l L nas

and invited the pracondilioning project team Lo taka part in the inltfal
Implementation procass. The site, as shawn in Figure 7.2.2, was visited by the
project team togathar with the production parserngl. Panals 1 and Il had high face
straszes wilh resultant facebursts. This problem had arlsen because of Lhe long
lead-lag distances associated wilh the garly stages of cutting a stabilising pillar.

In addilion to the faceburst problermn, hangingwall fall-ouls assodated with face-
narallel shallow and steaply dipping fraciure sels were quite common in the face

area, B SrTAENA 5 FE= = W ATOS HHE HiAa howll d - .-;-;
fractures at approximalely 70° away from the face. The sile was well suitad lo tha

. F fmre ecesmm el naslor ﬂiﬂ-ﬂﬂﬂd!‘lﬁﬂiﬁ

II"I‘IDIEI"I'IEI'I-IEIIUTI of [aCa-parpenaicinar prodon
aithough they had only minimal exposura to pracundlicning, showed an Inlereat
and appeared to ba enthusiastic about the immadiata use of preconditicning as
an ald to solving thelr problems at the sile,

A Tha nradoctinn neeannal
MR el i, ®dS R DURRARLAT o SLE e,

While tha implerentation procass at Ihis slta eeamed ko he progressing and the

preconditicning projact laarm was preparing for another ralning session for the

atame rrav, thare were some changes in tha management structure of this mine.

R Rw e w =
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failure at the down-dip side of stril ifiars. Th
Figure 7.2.3. The preconditioning project team was invited to hold a technical

discussion only and not become involved in the implementation. As was stated by

the mine rock mechanics personnel, a substantial redu

facebursts and resulting production losses had been noted since face-
had been initiated at this site. The site had

g seismic events prior to preconditioning.

ction in the number of

perpendicular preconditioning
experienced a number of large damagin

Since the implementation of preconditioning at thi
ed but the damage was concentrated in non-preconditioned

s site, only one incident of

facebursting happen
areas, as shown in Figure 7.2.3.

_l—- T B a =1
| : Gully Packsg Not to scale

te (Case example 8)

Figure 7.2.3 Implementation si
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Prior 1o this partleular applicabion, ell previous precondilicning applieations wars
done on a mining panel face. In thls case, preconditioning was usaed o control
faceburating in a slabillsing pillar. it is still nol chear how the afiects of
pracondtioning carried oul a few maonths earlier [furthest away from Iha panel
face) cowd still be manifested. This seemed 1o conlradict the time-dependant

nature of the precondiioning effect. {The facl that the adge of the pillar |s
stalionary might have & bearing on lha apparenily graater permanence of the
preconditioning effect.)

Case exampio B
This mine invited the precondltioning project team for an undarground visit 1o a
mechanical mining slie and to discuss the possibililes of using preconditioning at

that =ita. There was no lacaburst problam at ihe slte but the impact ripper was

2ince 2 praconditioning biast is usually sel off in a fracturad medium, tha
pradorminant machanism of preconditioning is then one of slrese transfer through
the ra-mubllisation of the pra-axisting fraciures araund the blasthole. Soma new
blasl-inducad fracturing had been abserved in 1he vicinlfy of precond llicning

holes, bul this was conflnad to the reefl harizon and never extended beyond the

&g TraGlure 5 E 3 ;
the shattering effacl of Ihe blast could be used 0 ovarcome the problems being

axperignced at ihis sile.

Bafora the actual precandlfioning appllcation was iniliated, the mina managerment
decided to gtop machanical mining at this slte and to continue mining with
convenlionat drill and Hlast methods. Since this site had never exparienced a

faceburst and slnce precondilioning was galng 1o be usad for helplng Lthe

mechanlcal mining, there was no further naed for pracanditioning at this sila.
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Mozt recant cases of implementation
Subsequent t tha completion of the research project, Kloof, Savuka and Tau

Tona Gold Mines alse implemented pracanditioning at varlous slopes with the
halp of tha project team, Tau Tena Gokd rine |2 testing the pracondiioning

R AF

lechnique in & shaft pillar area and planning 1o implement & in VCR stopes In the

near fulure. Currently, .."p neng Gold Mine mpl&men ng precondliianing at
code of prachios.
A“ TSmindgnt Ehmlgng !n Iha Fs'_ rwest Raﬂd I"ECIIDH f’E F_I Sﬂ“-lkﬂ.. Klnnfr

Driefontein Consolidaled, Placer Dome Western Area Joint Va
Mponang Gold Mines) are dons u iging praconditioning Hasting, while Hamony

Gold Mine is wnplamantmg pmmnummgﬁmmfmmrshaﬂt&flﬂdﬂﬂﬁfhs

hes Klarksdorp andd Free State ramnants

ara mnvenhunally blasted {I a. pmcond ifioning = not waed).

Sauth Deap Gold Mina of Placar Doma Weslarm Araa Joint Vemtuns has recenthy
implamented pracond|tioning in ong of tha sections, During a visit to this sita, the
project taam found tha appilcation of precondilioning ta be sub-standard, The
comrect Implementalion procedure wes described 1o the production parsonnel by
the project team. Tha project taam was Ihan imvolvad in ensuring comect
implementation at INs site, as wall as another lesl site at the same mina,

A fow years ago, the lechnigue was implemented successfully in a developmant
and at Klaol Gold Mine. A ssismically aclive dyke was safaly mined Ihrough by
implamenling a preconditioning technique. Prior to implementatian, facebursting
was a major concem in this anea, A similar experimenl wes run in twin
davalopment ends al Driefontein Coneclidated Gold Mine. The research team's
role was to design and implement a layeul for preconditioning holas as wall ag
micro-seismic menitoring to assess the effactivaness of precondltioning and to
datamming the minimum re-antry time following & preconditioning blast. Despite =
rackburst cocourting as a result of 8 preconditioning blast tiggering a pair of
seismig avents, no Injurles to personnel occumed after preconditioning was
Implemented at this sita,
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7.3 Key issues in implementation

implementalion of pracenditioning in different mining environments. The key
izsues datemining Lhe leval of success in implementation ara dentilied and lsled
below.

« Fundarmontal understanding of the concept and the technlgue: Thera
is 8 gensral lack of understanding as {o why there 8 a need for
preconditioning, and which problems are addressed threugh the
impiemantation of this izchnique. in addition, it has bean found that “how
the technlque works" is not fully understood, If the answers to thase
queslions are not known by all the relevanl persannal at the mine, any

atternpt 1o Implement precenditioning will be very difficult and tha
likalihood of unsuccassful implemenlation will be greatly incressed.

« Education and training in the corract application of the hniqua: It

Py [ e e A S I NN NP U W R | S g I. Moo

was als0 found hal proger sulucation anu I.[I:II[II[IH neEvE mpotancea

far the correct appllcation of (he technique. The key Issuss for tha
successful Implamentation of praconditioning ara "how (o Implerwent the
technlgue cortectly” and “why comed Implamentation 18 necassary”, |f
lhase are not addrassed proparly during the education and training

|5 & resigtance to new methods and techniques al soma lavels In Ihe
mining Industry. The fegling of sema mining people |s along tha lines of
“I'va baen dolng Ihis work for many years, why do | nead to change
now?", [t |8 almost second naturs for human belngs to devalop “tunnat
vigkan™ about e way in which a job should be carrled out, It is almost

imposs/ble to deviate from tha rautine. This is one of the major hurdles in
the implamentalion of new techniques. This attitude has to be overcome




Commitmant of and follow-up from the mine managemant: Continued
inlerast s of paramount impertance in Ihe implementation of any new
technique. The interest should be emphaslsed by back-up and follow-up
from the mine managemenl. Recognition of succassful applicatlons ks alao
a driving Force behind the implementation of new techniques.

Caommitmant of the production parsannel: Produclion parsonnel must
ba committad if they ara o implement Ihe new technlqus. This can he
achleved if tha new technlque has the buy-in of the produclion parsonnel.
A new technigue wiil stay as a “good idea out of many” if it is net "broughi
lo life”, The persennel implemanting the techniqua musl balisve in s
bermafits to tham and must have ownership of the tachnigue and pride in

its SLGCEES,

thaga are meastered, conlinuous monitoring and regular audlis nesd to be
conducted by the Irgined rock enginearing personnel. Asaessment of the
affeclivenass of tha technique must be reporied back to managarmant and
to the personnel who are respansible for the implementation of the
technique, Reports should include any slgnlficant changas ko the working

anvironmenl {i.&. hangingwall conditions, aeismlc damage, eie.), [dentfied
shortcomings, and recormmendatians to solve problems.

Rock englnaering knowladge of production personnal: Basic
fundamenlals of rockmass bohaviour ara ganeraily not weli understopd by
produclian personnel, who are sublectad to severe production prassures.
Rack enginesring perachnel should assislin the training of produchion
personnel on baslc concepts and how 10 recognisa the sffects of properly
implermentad pracond|tloning.

Acceptanca of rasearch findings: Itis a general perceplion in the

lim s robs Dl mrmamectiBominn w er vl Seaeen 1 racasrsh ptoss as
|l ”uﬁ“, LT g-r |} i | IvFinaLdl IIIIH Ll "o R T AR LETILERTLFLY 1} IH T Fwwreivl wiy UMH"J. L)
dedlcated personnsl are appeinted during Ihis pericd. Itis falt that
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increasad supanvis|on s the reason for the Improvament in condilions and
nat necessarily the precondilicning itself. Athough this 15 ue to some

dogres, some measurement data are avallable Irom preconditloning sites
indicating that preconditioning causes vary signifleant posilive changas n

the rockmass behaviour,

L

af gelling recormnmendations from partles not experiancad

______ L - NGRSy | Py N F—— T Pgp—

preconditioning. incamecily impiementen precondiioning can iead ic a
woraening of condltions, |tis better ngt 1o Impiement the techniqua than ta
implement it with inadeguate knowledge and axperiance,

Raquirament for rlsk assessment. Il has racently become the norm 1o

Dapartment of Minerala and Energy (OME]) inslsts on risk assessmeant

ariesy 1A Tha iImnlemankatinn of nracandiionino. Thic cheaild sk bs coan o
Fl sl S IFrFw '|I'I'I'!'"'_"_"—-' — '—'""-‘F“‘-'-"-'l'la T RI=e S iTwrid i DT W DR Py

addltional work or a burden but rather as a Baming opporunity. Owing (o
the natura of mining, condillans may vary in different mines and in
different reef typas. Durlng the dsk assesament procadurs, valld
commenis can amearge lhat will improva the tachniqua,

Presance {or absence) of a mine champion: As in every aspacl of
bu=ingas, succass depends fargaly on a dedicated champion who will

one persen at the mine d‘lampiuns premnditinning, the sucoass of the

- di. i 2l r

tachnigue s mra likely. it is imporiani fhat this champion shouid keep in
conlact with other indusiry chan‘mlans and researchars s0 lhat he f gshe
can communicate naw informalion related lo precondllioning. Absence of
a champlan wlll Impact nagativaly: individueals will creata an axcuse not Io
pursue the tachnigus and there will ba no ona to whom problems can be
addressed

Changes in production personnel The importance of education and

= LU L H-{

tralning was emphasised abova. i spme of the produciion personnel are
replacad with new crew tha knowledgs of precondilioning will ba losl. It
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will taks some Urne far the new crew to adapt to the environment and the

d by the provision of the necessary

technique. This must ba addrasss

training 1o new membars of tha leam.

Availability of right aquipmant and matarial: Owing to the lack of
avallability of 3.2 m king drill-steels, tha majority of past and current

WWMQMMH the usa of 2.4 m drill-stesls,

which can effectively drill 2.1 m lang holes. Research has shewn that the
sffaclivenass of precondiboning was significantly reduced whan
precondilioning holas were drillad only 2.1 m long instead of Ihe
racommendad 3.0 m. Efforts must he mada ko ensure hat 3.0 m long

precanditioning holes are drillad.

Most of iha gold mines have changed their blasting system from igniier

cord and fuse | eleciric or non-glectic delonation syslems. However,
sewre mines are st using ihe igniter curd fuse syslem. in these mines,

produclian Noles & : . g fuges bl
pracondilioning holes requirg 2.4 m long luses. In urdar 1o achlaye tha
sucoassful liming of preconditioning, It is recommended that all production
holes should ba cnarged with 2.1 m long fuses, toa. As hess long fusas
are not readily available, sometimes all praduciion and precondltioning
holes are charged wilh short fuses. Although this does not ganerally lead
i a misfire, a very ineffactive preconditioning blast resulls as the

sternming column of the precondltioning hole |5 ramoved by the

productlon blast thal takes place around it

Bome production parscnng! whose duly |s tha charglrg up of the
hlasthaoles ignora the importanca of slemming lor blagt efficiency. Many
praconditioning holes have been blasted with ro ar very shod stamming.
The condition of the sockats from the previous day's precondilioning holes
iz a very good indicator of the affectiveness of pracondilioning. The

presence of a highly fracturad {|.e. crushed) zone around a
preconditioning blasthote and diffleulty in nbserulng tdearly defined
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hand, an almost inlact precondilioning blasthole socket Is an Indicator of

= L od=_

aither poor stamming or incorrect timing of th

J. ey —— |
L MO,
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Since iha production hoies are nonmaiiy driifad 1.7 miong, 1.5 m iong

charging sticks are sufficiant 1o load explosive carlridges. In ordar to
pmpsrly charge a 3 m kang premndllnnning hala, 3.5 m long charglng

axnloaive a-m-h-!dgea into the rernnditioninn holes. Thiz results in

R TR bk g 4 Bddhr. e e L

insufficiant charging of pracondilioning holes and, therefore, lass affective
preconditloning,

Low-prassure comprassad air supply rasults in extendad time spent an
drilling conventional productien holes and limiled lime avallabla to

comphate the drilling of precanditioning holes In one shift, Under these
conditions soma drilling teame then give prigrity to completing the

cparators staled that the compressed alr pressure g sUfficlent (2 drill

L _L m ol oanl I | R lmalomm Loom.

shortar production holes but not the praconditioning hokes, The resi

problem could be the insufficiency of stope drill machines to operata wilh
[onger drlll-slasls.

Tha perception that preconditioning entalls extra work: After 2.5

of preconditioning was lerminaled by the workforea following the

withdrawsal of iha project leam, It was repofed by tha ook nnnlnnnnng

=L L W wr i e w [ m A

departmenl of the mine that one of The reasons for the terminalion was
that the workforee claimed that pracendilioning was exira work 50 an
additicrnal payment should be mada 1o tham in the fism of a bonus.
Howaver, tha ming mansgermeant was not preparad to pay extra bonuses
far preconditioning as the workforoe was already pald better bonu=ez ag a

consequence of Improved productivity {i.e. face advance per blast) that
precondilioning had brought abodl.
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It Is true ihat tha implementation of precond llioning results in extra work
for & drifling crew. But, if the banefits of pracondiiioning are cansidered
{e.q. & much safer and easier working environmenl and increasad
productivity), it can be argusd thal the workforce wili aiready be gaining

zome advantages from implementing precondilioning. so no additional
payment |5 nacassary. Howaver, since productivity |s increased and the

Production prassura; Owing to the increased pressura on he produclion
parsonnel closar bo ihe monlhly measurament day, they lend to glve lower
pricrity to precondilioning and (his results in sub-standard or no

all. This nonmally happens during tha sady siages of

lhe implamentation of precenditioning at a particular slope before it
becomeas apparent to production parsonnel thal propedy executed

re=

preconditioning increasas productivity {i.e. face advance per blast). In
fact, over and above improved safety, the posltiva effecl of
preconditioning en praductivity is the major benefit apparant to the
productlen personnal and the malar motlvallon for others 1o apply It.

Integration of precenditioning into the mining cycle: This is seen as g
rmajor problemn for the implamenlation of face-parallel precondilioning.

e P pi LT AT LT P
[] ™ =1 T e g

ra production blast in thal pardicular panel is allowed. Face-paraliot
preconditioning reguirs cial drill machin
addilions to the narmal siopa complemeant, On the othar hand, many
rases have shown thal facs-permpendicular precondilioning can be
suceassiully inlegrated inlo the mining cycla and does nol necessitate an
Imcrazaa [n the numbar of slope workers or additional shift hours, The

complzinis about tha inlegration of faca-perpandicular preconditioning inlo

the rmining cycle are bellevad to be caused by other production-relatad
lzeums and not precondltloning.
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Sub-standard preconditioning blast paramatars: The effecls of blast
parameters on the afficiency of preconditioning wara reported in sectlen
5.5. Although minimal differances were observed in the effeciivenass of
precondltioning as a result of varying the hole lenglhs between 2.4 m and

3.6 rm and tha hale dlamaters betwsen 36 mm and 40 mm, it was

concluded thel praconditioning holes must be drllled 3 m dong and 386 mm
in dlameter (j.e. sams length and dlamaler of preduction holes). Thess
recommended blast parameters for pracondilioning were communicaled
ta the Industry by means of published guidalines for proper

______ Homew nf rroeeendblanine and duy |r|r||‘| arusation and lrmnmﬂ
||T|FI|U|:TI=III.ELIUI| LA DA BRIl B iy B F e LR

seminars. However, thare still seems o be a lack aof knowledge and
undarstanding of correct procedures, and confusion about and disregard

for the recommended blast parameters for sfficient praconditiening.

Tha produclion parsonns at one mine misunderslood whet the requirad
langth of precondilioning hales should be and thought that it muet be
thraae limas lhe production hola length. Although it was explained that the
required lengln of precondilioning holes was not depandant on the
production helg iength, but rather en lraclure zone gaomealry and the

Py R __

mechaniam of preconditioning, thia miscancepiion
the |ncomect Information and Inslnections is of soncem.
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Resaarch has shown that the spacing between tha preconditioning holes
must not be mora than 4 m. In ha guidelines, it was conservalively
i gra seamsd o be ng

malor prablem in adhening to this recommendation In almost all of the

imnlemantalinn cases reviewsd, Tha malor problemn appears to be that

B NIRFIC TN PP | Lwmae LILHE

some of tha preconditianing holes are not drlled on a parlicular day, Not
driling a praconditioning hole results in a 6 m spacing betwean two
adiacent preconditioning holes. Sinca this resultant spacing is graatar
than the maximum allowable spacing (i.e. 4 m}, the ground between thase
two precond|lipning holes |s nol dastessed. In fact it can be considered

thet lhe levels of slresses aching on this ground are Increased as a result
of additional stress transfer from the adjacent praconditioning blastholes.
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problars. If it is noticed that some of e praconditioning holes are not
drilied on a particular day, the drilled precondltioning boles should not be
charged and blasled. |n this case, no preconditioning will carmy a lowsr
risk than sub-standard precondilioning.

The mistakes made during tying-up and timing of preconditioning holes
tagether with production holes have reaulted In eithar misfires or |8ss
sffective preconditioning blasts, Il s recommanded Ihat a precondilioning
hole be detonated befare e datonation of any p-roduclmn hale within 1 m

distanca from it. lrl];:ru‘ﬁ:lu training an

address this simple and basgic issua.
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+ Triggering selamic avents: The Irlggering effect of preconditioning is
saan as an undesired side effect, The =lress tranafer assoclaled wilh a

& study of lhe spatial

migration of microseismicty [nduced b:,r the blast. The triggering of larger
avanls by production blasting, on the olher hand, seems to be 3

TA N N ERaF P UL LY L =

cormplicated function of the production hislory of 1he stope prior to the
avenls. This tiggarng appears 1o depend on faclors such as the
preduction rate, the sequenca of production Irom one panel to anclhar,
and tha lime-dependant sffects Inat operata in the rockmass bebwean
praductian blazts. However, well-conirolled preconditioning Hasls do acl

to redistribute sireszes effectively and can alzo serve to control the timing
of the raleasa of slored strain enargy frarn the rockmass. Thus,

and this ie regardad as an addlbional bonafli,

In the lighl of tha palnts discussad above, the projacl team fell thal there was a
dafinite need for thorough aducation and tralning [n a carafully structurad
implemantation procedure.
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