Figure 4.2.21

Straight ray tomographic image of the velocity

change following the preconditioning biast (after Maxwell and Young,
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Figure 4.2.22 Plan of the seismicity (filled circles) recorded after

the preconditioning blast (filled star)
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4.3 Guidelines for face-parallel preconditicning

4.3.1 Introduction

The proposed [ayouts 0 maximlse the integration and the elfectivenass of face-
parzllel preconditloning inta a plllar minlng operation were describad by

Kelirragnn, et &) [1985) angd Lightfoet, st =l {1805 & 1998). | ater, Lhe
recommendad guidalinas for this lechnigque were re-complied and further reflnad

by Toper, of &, {1898).

The Face-paralial praconditioning technlgque involves drilling and blasting of a

~&8 mm dlameater hele parallsl to @ panel at a pre-determingd distance of 3.5 m -
5.5 m ahead of [{, The fachriqus was dasignad e an everhand mining layout

- wile al= = My =
= 5 =j=p= Lt | T LAY

exparimental technlque was canrled oul on the Carbon Leader Reet. In order to
ansure minimal defays o producion, & pansl lead (lag silugiion must Be in placs
o accammodate the drillling of the precondltioning hales. The holes aré drilled
using a dedicaled percussion drill rig. Face advance in the dirsction of the Iong
axis of ihe ramnant pillar [z prefarad, as it resuilz in the Most consistant mining

congilions thmughnut tha plilar extrasiion programme. Individual panels should

pracond lkoning holas ¢an be lacililated, A suggﬁl.ed mining mnﬂguraﬂun for
ovarnand panals s shown in Figurs 4.3.1, 1n order to minimise tha leads babwssn

panels the percussion rig should be instalted at the Tace of the leading pans! wilth
hydraullc prop support with headboards on all sidas. IF the stoping width doas nol
allow this, the foomwalHftad gully should te advancad 1o the faca with a pessihla
cubby for the salting up of the drill ng,

4.3.2 Drilling of precondltioning holes

Tha hole shauld be drilled paraliel to the reef plane along the reefifootwall conlael

[F] Sp— |

in the fraciure zone that naturaily develops ahead of the advancing face, and

shoyld extend into the retkmass ahead of the panel above as shown in Figure
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4.3.1. In this figure, Pansl 2 has bean mined to [imit {the position of the previous
praconditioning hole) and the next hole Is drilled up to 5.5 m from the current
face. The hole must be kept parallel to the face to ensure a consistent
preconditioning effect along the entire length of the face. Each hole should be
inspected after completion of drilling to verify the hole direction. Severe
deviations can cause inconsistant blast results.
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Figure 4.3.1 Face-parallel preconditioning Jayout in an overhand

mining sequence (not to scale)

It is important to ensure that the hole s ot drilled beyond the stress peak that
exists ahead of the face. It is likely that difficulty will be experienced in keeping
the hole opan when it is drilled too far ahead of the face. The actual hole
positioning will ba site-specific and will depend on both the state of stress ahead
of the face and the size of charge being used. Experience has shown that blasts
fror B9 mm-diameter preconditioning holes have been effective when the holes
are collarad 3.5 m to 5.5 m ahead of the stope face.
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Figure 4.3.2 lllustrates the resultant effects if the preconditioning hole is drilled
from various positions, Blasting too close to the face will result in a minimal
preconditioning effect and will cause severe damage lo the face area. Beyond
the optimum zZone there is an area where a preconditioning blast can redistribute
stress back towards the face, resulting In stress conditions thal could lead to a
faceburst. Seismic evidence and numerical modelling results have shown that

such re-loading of the face can occur (Lightfoot, ef al,, 1984, Kullmann, et al.,
10 ie en hinh that the hiast

{Positioning of preconditioning m}

Figure 4.3.2 Effects of positioning a large (~89 mm diameter)
preconditioning hole at varying distances ahead of the stope face
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As the preconditioning process involves stress transfer from one portion of the
rockmass to adjacent regions, a systematic sequence of preconditioning is
important. The best results to date have been achieved when the sequence

result in increased stress concentrations on adjacent panel faces.

The time required to drill, charge and blast a preconditioning hole should never
exceed two days and the process should ideally be completed in a single shift.
Sufficient air pressure and volume are required to ensure a good drilling-
......... rate. Failure to complete the preconditioning process within two days

pel lcu auuu 1aws. 1 i (2.0 cLu

often leads to hole closure. Abandonment of a hole and drilling of a new hole will

rticularly in terms of the interaction between holes,

which results in ineffective blasting and in-stope damage due 1o a blow-out
between the collars of the holes. The loss of holes is usually due to rock
fragments falling into the hole. Thus, ideally, the hole should be pressure-grouted
for its entire length and then re-drilled. If this is not possible, as much of the hole
as possible should be grouted and then a new hole drilled, as far as possible
from the previous hole, but within the accepted range given for preconditioning. A
hole of a smaller diameter drilled closer to the face may be satisfactory, if the first

Uy oy _.l.

hole has been abandoned. The use of retract bits is recommende
loss of drill-steels in a hole as a result of the collapse o of t

bit during drilling.

433 Charging of preconditioning hoies

-4
¢

ntation has been carried out regar rdi ng the charge density,

Vi 1iQa (R 1]

Aithough iittie exper
pneumatic loading does appear to provide the charge propertles required for

effective preconditioning. A higher loaded density of explosives will result in a
higher velocity of detonation and a greater volume of gas and, therefore, greater
in-hole gas pressures. This could be desirable, provided there is no adverse

ormal pneumatic loading of a 88 mm-diameter hole
and 15 m charge length would require about 100 kg of ANFO or 120 kg of

—
(8,
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The detenation of preconditioning hales should be by top-priming the charge Lo
facilitate ramaval of primers from misfired pa'emndiﬁnning hr:lles An ernulston
cariridge Is repommended as a primsr and shou
elactrlc detonator. Two detonating fuses may be used as
iic b

tha first fusze fiis to initiate, the sacand Iusa WoL

8% A4 3 fet:.r precauunn if

o FX TN
& detonalsd. The primer

should be placed about B m inta the nole, with an additional metre of explosive
befare the hole is slemmed. The precondilioning hole should be delonaled
manually, using silhar an entirely electrical detonatlon system or an electrical
fuse usad in conjunction with a sacondary None! fuse.

434 Stemming

Several systamns of stamming have besn avaluagled and the moal favayrable
rasults hava boen abtainad with a combination of crushed reck and clay. The

crushed rock should have a particle size of batwsen 1/30 and 1415 of the hola
digmater and shoud ba grlt rather than =and, as tha angularlly of the particies

adds to the stemming-ralanlion characlenslics. Carrdges of clay and cruahed
rock can ba preumalically loaded Using a capsula gun.

Il Is racommeanded thal a minlmum 5 m of the hola should be stemmed n arder to
avoid a bowoul from the collar af the hote. Best results have bean achieved

wian 1 m of dlay adjacen: to the explosive colur ig followsd by 4 m of srushed
rock. When crushed rock has not heen avallable, five metres of only clay

inciuding biow-outs and ine resultlng damage tostope suppan.

The requirad langlh of stemming wil depend upen saveral factors but, from
observations mads in siluations whera ihe stamming id fail, i1 appears that the
most vilal faclor relales to the depth of fracluring the cedlar of the hola. To a
lagaor extent dlher [actors would include the ahility of Iha gas lo penatrats the

fractured rockmass, the diamelar of the hole ang the detonalion pressira within

the blasthole, A.Ithnugh ther length of starmming must ba kept 12 a minimum, as
whic will maximise the chatge length ahsad of he face for more unllomn

-
I WFEIR B ya

Pfﬂmﬂdltlﬂnlng, “'IE nole & red .
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of at least 5 m in order to contain the explosion within the hole. However, the
length of stemming required results in the transfer of stress onto this stemmed
portion of the panel as discussed by Lightfoot et al. (1996).

It was initially thought that the stemming length could be reduced by grouting a
short iength of the hole near the collar or by using some form of in-hole plugging

device (Toper et al., 1998). Apart from possible difficulties involved in clearing out
such material in the event of a misfire, it became evident from tests conducted at
the preconditioning site that shortening the stemmed length was not desirable.
Conservatively, the hole should be stemmed from the collar for a distance at least

Some alternative means were devised to alleviate the stress loading that has
been found to occur in the vicinity of the stemmed portion of the hole. A possible
solution to the problem could be to design the preconditioning blast so as to

eliminate the need for tamping material. If the hole was bottom-primed, the
explosive between the collar of the hole and the advancing explosion front would
act as stemming for the blast. The presence of a primer at the back of the
preconditioning hole would clearly not be desirable as this increases the
probability of a cut-off before the initiation of the biast. Therefore, the detonator
should, in fact, be placed as close to the collar of the hole as possible, so as to
facilitate recovery of the detonator after a misfire and the initiation sequence of

the additional hole(s) relative to the main preconditioning blast.

P gy | s maais nnnl hnn n
alicuicu Uy the main |Jl CONGItLoNI iy v
for an extra hole drilled parallel to the main hole. Such an arrangement would
need to be carefully designed to take into account the influence of each blast on

the other hole and to allow for the treatment of possible misfires.

A layout that would probably be more amenable to practical application is shown

in Figure 4.3.3 (b). The idea would be to set off the main face-paraliel
preconditioning blast as usual. Additional face-perpendicular preconditioning



blasts could then be set off, just after the main biast or with the normal production
blast, in the stemmed area, to counter any possible undesirable stress transfer

resulting from the main preconditioning blast.

4.3.5 Dealing with misfires

R Sy PR ¥ wiml

Multiple detonators should be used to minimise the risK
removable stemming and top-primed holes would facilitate the removal of the

~F rmainfir RAath
] « RIVIL

primers should a misfire occur. It is further recommended that explosives of
minimal impact sensitivity be used for the preconditioning. By doing this, in the
event of a misfire or of a cut-off of the explosive in the hole, production drilling

—imythe—hvlewouidfweﬂwmoswemad not detonated during the

preconditioning blast.

E.Uﬁmiﬁad ] /J Unmined _
: Main Main
_ preconditioning |- preconditioning

/ hole / hole

| Additional Additional face
} _— face parallel  perpendicular

| | o hole i / / hoies

i ¥

e

| (a) (b)

Figure 4.3.3 (a) Use of second hole, paraliel to main hole, to

precondition stemmed area. (b) Use of additional holes,

perpendicular to panel face, to precondition stemmed area
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4.1.6 Assassing the effectiveness of preconditioning
blasts

An effeclive blast should reveal a “bulking” of the face, with minor amounts of

Ikely to oceur, evan H the area has baen barrad and made safe. Footwall heave

o — k.

indicaies ihat the hole has devigtad in ihe foolwall iowards the face and (oo much

blazl energy has bean (cal through the footwail, rather than baing ussd (o
dissipata energy from anead of the face.

Thae aelsmic affickency of & blast deﬂnsd Ir_.r SeI=MiC anargy fuleasad exprassed

consisting of mn kg of ANFO should generate a seismic evenlin the order of
M = 1 0 {from the formula M = {Mass of sxplozive (ko) £ 1001 £ 0.5) & wall-

B.LF QRN LR L = L - e

exacuted precondiionng blast will Eypically result in a selsmic evert of 05 =M =
1.0. ¥ an avent of larger magnituds is ganerated, then 2 simullanecus release of
storad sirgin anergy has ogcurred wilh the blasl. |f the blasl riggers a large
avent, this is usyally the result of the siress transfer Ihal accompanles a
successiul pracondilioning blast, This stress transfar is 966N as a migration of
microselsmlc events furthar ahead of tha face and inlo other gortlons of the pillar.

H’ICIHII}F of the blast will aisa usuaily show an |

perind of the blasl

4.3,7 Blast optimisaticn

The optimum blast configuration will vary from ona slope t0 another, but the
general principies will nol charge. A compramias must b aliained between blast

slze and the lime raquired to achieve this blasl. The bigger tha blast, tha maore
effecliva it can be in preconditioning the rockmass ahead of the face. [t also
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précondilion more ground with one blasl, resulting In a more afficient Gyale. The
drawback Is in the Increasad ime raquirad to dril a larger hole and the difficulties

flilina i 3 s hlnhlu ghaceard gnvirmamant Tha kanakicial sfforts F
u!ll'r’llll‘l‘ FI T R FIRATIE e, T IR BRPFWP WPl DI IR L L))

praconditipning appear ta be fransient in nature, 5o that the longer the: time

P hohomse ooeocoeces] [ nlrlﬂ Rlagts $hho mvsAra clroin orsfisea nn
REHD RO | R BT |u|l| u MO thawid, e ilis Filain onet Hit
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accumulate ahead of the faca. This seema 10 apply eve
for a whils.

The sfficiency of any explosive is affected by charge dlameter. For an ANFQ-typa
explosive, the maximum efficlancy is achieved with hotes in excess of 150 mm In

diameler. Emulslon explosives have a hetter pefomancea [n smaller hlas than
dows ANFO. However, tha two axplosive typas have not 2howh any difference in

terms of he resulis of precondilioning Blasts, probably betause the variability in
Ihe rockmass from ong blast to anciner overshadows tha difference In

explosivas.

Thars |3 an impyovad sfflciency In Ihe bahaviour of tha stemming within holes of
smaller diameter. Therefare, less stermming may be required in amaller holes
than in larger onas, 2o that a graater propertion of face lengin can ba “covered”

e aum s aeH e e e A e e AL e Ih
ML Cetliiy

U}' ihe ﬁ' =1 J-EF!-E'JIJ.— a.l.l'ﬁ T LHEH]

be saen in the very pronounced sirain energy release and siress transfar evident

from the seismic data, and ihe significant convergence racord
parallsl preconditioning tasts. However, ils implerantation gan be very diffleult
under many circumstances, owing o the practical limitalions of this method. The
negd for =pecial drilling equipment, a separata drill crew and aceess ahead of the

panal Lo drill the holes all complicate tha application of face-paralkl
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The effect of preconditioning is localised both in space and time. As the

mechanism of nreconditionina is one of stress transfer resultina from indiiced
TSR NS L pITVWIIRNILVI Y Y VI W SUTOC UGHSIT 1TSUil Iy iV i IMULO

madifuvin
18NN ’

still capable of carrying high loads. After a face has been preconditioned, it is
possible that subsequent mining of that face or of adjacent faces will result in the
transfer of stress back onto the preconditioned rockmass, if nothing is done to

prevent this from happening.

Of practical significance is that stress transfer is a dynamic, ongoing process.
The stress is redistributed in the rockmass in response to both mining and
preconditioning. The preconditioning process must be integrated into the
production cycle in a controlled, sequential manner. This sequence must be
engineered to ensure that the most favourable stress distribution for maximum

face stability is maintained at all times. In the case of face-parallel
preconditioning, this means that the order of preconditioning must be sequential,

Clearly in the case s g
redistributed stresses effectively and also served to control the timing of the
release of stored strain energy from the rockmass. Poorly controlled
preconditioning blasts, on the other hand, either did not redistribute stress
effectively or acted to induce unfavourable stress redistribution (i.e. the

~ movement of stress towards the face rather than away from it).
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5 FACE-PERPENDICULAR
PRECONDITIONING

5.1 Introduction

Tha faca-parallel preconditioning method producad very sutcessiul rasults and

P | P,

appeared 1o b well suitad to the mining of long and namrow strike pilais,
Hewevar, it would be difficull to Implement this mathad N 3 nomal desp-level
longwall production envirsnmant without the creation of conslderable delays In

the mining ¢ycle. For thla reason, in lale 1984, 8 new experimental site was
astallished o 3 deap-'sval longwall s:rups the B7-A00V at Mpnnang ,gon ming

sarigus facabursating problam. Here, a difersnt praconditioning technique was
fegted which invoived drilfioeg and Bacting shart face-perpandicular

L e B I-lll Fl | Whriw FINF) SRR ELE RISl e T kil i =

praconditioning holss a5 an integral part of the actual mining cycle.

5.2 Test site

The B7-49W stope s located at he south-west comer of Mponeng gold mine,

et Tlaes rnln-inn nf thie s lrunn 12 0N thae vYanlarcdsm
,ﬂuuu]: £nw |[| w“_]w =|.|| |.|:|W (Ri=RL T b LR LD RF APRLIRFLE B SR LD W L TS L

Conlact Reef (WCR}, with an Alberon fermation (i.e. hard) lava hanginawall and
Wits quartzite footwall. The reef dips al an averags of 22" to the south with a
charnal width batween 1.2 m and 3 m. The hangingwall and reef are

charactarised by rmils and Jointing.

Inilially, mining took place [n the sinke diraction owards Lhe wast. However, tha
dominant joinl sel was oflented In Ihe dip direction peralel to siope faces which

Causad seflous face bursting and associated instability problemsintheface araa

For this rezson, il was decided to change from braaal mining to an up-dip mining
gecmatry at the and of 1992. The levels of damaging selsmicity ware raduced by

lhis change in the mining dirsclion but facabursts wera slill experanced, Thus, at
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the end of 1993, the Rockburst Control Project Team of CSIR / Miningtek was

R P e v HHY n nnnnnn D2 R 100LE A A~ o
al PITUUNdiivIniy Ucydll Uil £ Wiy 1I9v Uil a oll

panel, the West 3. During the course of 1995, preconditioning was initiated o
other adjacent panels. The face-perpendicular preconditioning minimised

faceburst incidences and a significant improvement in hangingwall conditions

was noted. Consequently, the rock-related in-stope accident rates declined

significantly.
£~ 4 J

However, in August 1995, the mining direction was again changed, from up-dip to
diagonal mining, which is a compromise between breast and up-dip mining. The
decision was taken to increase the available face length in order to increase
production. The rock mechanics aspects of this change in mining direction were

not thoroughly considered. Shortly after the introduction of diagonal mining, the
hangingwall conditions started to deteriorate and serious instability problems

Aol

formed when the diagonal panels were mined out along the stability pillar at the
top of the stope. An exampie is the rockburst that resulted from a M=1
event on 15 February 1996, which caused five injuries and damage to the West 2
diagonal panel. A rockburst investigation team from CSIR / Miningtek visited the
site with the objective of determining the cause of the rockburst in order to

prevent future occurrences. A detailed description of this investigation is given in

A= o

ement decided to change the mining direction back to
the up-dip geometry. After a period of re-establishing the mining faces the stoping
has continued with up-dip panels again. Since reverting back to up-dip mining
geometry, the ground conditions have improved significantly. The regular mining
configuration lent itself much more readily to the assessment of the effectiveness
of preconditioning and an optimisation study was undertaken. Figure 5.2.1 shows

different phases (i.e. mining directions) of the project term.
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The completion of the optimisation study at the B7-46W stope in February 1997

marked the end of the fleld work associated with the preconditioning experiment
al the site.

<)
b
[ {4

B up-dip Mining
| Diagonal Mining
B Re-establishment
B Up-dip Mining

Figure 5.2.1 Test site (87-49W stope), showing different phases of
mining

5.2.1 Preconditioning layout

A review of the previous face-perpendicular proconditioning layouts was
undertaken. This included an assessment of the early work by Roux et al. (1857)
at ERPM and Giitner's t1992}pmnmnlhrmmamaliwnuummthc
preconditioning being implemanted by COMRO &t that tme.

The ERPM experiment used shor (i.e. 3 m), small diameoter (ie. ~36 mm)
m&mm\um.ppmmm-manaomm. Hil and Piewman (1857)
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concluded that, compared with conditions elsewhere on the mine, the
hangingwail and face conditions were markediy improved. it was further
concluded that the incidence of rockbursting was reduced.

Giltner’s (1992) work also followed the ERPM model and utilised small diameter
holes, 38 — 42 mm, drilled 2.25 m apart. The main difference with respect to the

detonated as an integral component of the production blast.

Giltner had assumed that each individual preconditioning hole would have a zone
of influence of a radius of approximately 0.75 metres. In order to test Giltner’s
assumption experimentally, two 3 m face-perpendicular holes were drilled and
blasted at Blyvooruitzicht Gold Mine preconditioning site on 14 December 1993,

Ground Penetration Radar profiles were acquired before and after the
preconditioning blasts. The effects of the experimental blasts were clearly visible
as a strong change in the reflection pattern observed on the radar images and
shown in Figure 5.2.2. A clear intensification of pre-existing fractures was
observed on post-blast profiles. By comparing the “before” and “after” blast

profiles it was concluded that the zone of influence around the face-perpendicular

preconditioning blasthole was around 1.5 m in radius, double that assumed by
Giltner (1992).

—Thedrilling procedure for the preconditioning hotes-aliowed for the-use-of drilling

machines and drill-steels already available on most mines. This obviated the
need for the purchasing of special equipment. The preconditioning holes were
drilled by hand-held percussion drilt machines with air-legs.

In order to achieve the maximum effect from the blast, the preconditioning holes
were drilled on the reef piane. As the radial extent affected by the preconditioning

face area. For this reason, all preconditioning holes were drilled in the spacing

between the dip lines of packs.
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The mining cycle in the panels was a three-day cycle, as shown in Figure 5.2.3.

This figure represents a plan view of an up-dip panel. On day one the 3 m-long

preconditioning holes shown with light grey lines were drilled perpendicular to the

face and spaced at 3 m. These holes were charged and detonated together with
production holes. Once the face had been cleaned and prepared for the next

round of production, the drilling of new preconditioning holes commenced. Each

new round of préconditioning holes was offset from the previous ones by about

50 cm along the face in order to avoid drilling in the position of exlsting sockets.

minimurm 3 m with

remaining in these positions.
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The rock in the stope face was fractured and some of these fractures were tightly
closed, Thus, low shock-energy and high gas-energy explosives were required in
ordar to apm and extend pre-existing fractures, ANFO-type {ammonium ljlrtrata
fuel oll mixes) explosives were recommanded for preconditioning but were not
available at the project site. Powergel emulsion cartridges were the only type of
explosive available and were used at the site. Only 2/3 {l.e. 2 m) of the total hole
length was charged with 15 Powergel cartridges (i.e. a total mass of
approximately 2 kg) and the remaining 1 m was tamped with ciay cariridges as
shown in Figure 5.2.4.

Figure 5.2.4 Section of stope face showing the preconditioning hole

prior to blasting

The charging of precanditioning holes was done by top priming the explosive
charge fo facilitate easier removal of primers fram misfired preconditioning holes.
One emulsion cartridge was used as a primer and initiated with a Nonel
detonator. Although the application of fuse and igniter cord systems was not
recommanded because of the difficulty of obtaining the proper firing sequence of

praconditioning holes in relation to the production holes, a reliable and accurate

o
b |
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electronic initiation system was Initially not available at that particular stope. The
existing initiation system, which was an ordinary fuse and Igniter cord system,
had to be employed. To ensure the proper firing sequence, all precanditioning
and production holes were charged by 2.1 m long fuses and the fuses of the
praconditioning holes were connected to the igniter cord approximately 1 m
forward as shown in Figure 5.2.5. This enabled the preconditioning holes to be
fired with almost a 1 m burden before the neighbounng production holes were

fired,

Seismic coverage of the site was provided by a Portable Selsmic System (PSS)
microseismic network, which monitored seismicity associated with the 84-49
stablliging pillar to the north of the preconditioning site, as well as by the reglonal
Integrated Seismic Systems (1SS) natwnrk Naither of these systems was able o
provide adequate coverage for the new sita at the B7-48W stope. Consequently,
ihe decision was made to install a dedicated PSS network for the seismic

menitoring of the preconditioning site.

At the start of the project, only cne panel was preconditioned. The analysis of the
seismicity associated with the preconditioning required data of sufficient
sansitivity and location accuracy to distingulsh between the seismicity from the

preconditioned panel and that from adjacent panels.

The positions of the 84-40W stability piliar and the 87-49W stope are shown in :
plan in Figure 5.2.6. The layout of the PSS network is shown In pian In Figure
5.2.7. The positioning of the five triaxial geophone sensors labelled 'OS1i" to
‘OS5/' in Figure 5.2.7 was a compromise between the desired coverage of the
precanditioning site and the constraints imposed by the existing development
around the 87-49W stope. The major constraint was the lack of access to the
south and west of the mining. The resulling network had dimensions of 350 m in
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the sirike direction, 200 m in the dip direction and 85 m in the vertical direction,
roughly centred about the mining faces of interest.

The sensors at ‘081i' were installed at the end of a 10 m down-hole dnilead nto
the footwall quartzites from 84 level footwall-access crosscut. The sensors ol
‘0821 were installed at the end of a 15 m horizontal hole drilled inlo the
hangingwall lavas from 84 level reef drive. The sensors at ‘OS3i" were installed at
the end of a 30 m up-hole drilled into the hangingwall lavas from 87 level reef
drive. Thnsenw':at‘os-éi'mrommmmmﬂm of a 10 m up-hole drilied
into the footwall quartzites from a foliow-behind development on 87 level. The
sensors at '0S51' were installed at the and of a 10 m up-hole drilled into the lavas

from an B4 level crosscut.
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ead of a stope face occurs In response to factors

Daformation of the rockmass ah
such as selsmicity, face advance,

preconditioning and time-dependent effects.

The changes experienced in the rockmass car be reflected in the convergence

record within the stope.

In order to capture any change In the rockmass response due to the
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51 convergence stations were installed and measuremen

preconditioning,

ect site during the monitoring programme. These are termad

taken at the proj

daily convergence
_hour interval between successive data points (Piper

measurements, as they are obtained by taking

“long period”
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preconditioning is one of siress transferral. In order to quantify the effects of
it was decided to underiake direct measuremenis of siress

reconditioning,
: e taken ina

iransfer ahead of an advancing face. The measuy rements would b
highly siressed and fractured rockmass and consequently the 5uitabill|t5.« of
various sirain measuring instruments would be investigated, However, it was
determined that none of the available instruments could be used reliably. There
was a need for a specially designed inatrument that would be suitable for these
condilions. A solid Inclusion cell was therafore designed and four celis were

manufactured.

The instrumentation holes for siress determination were first drilled at about 10-
15 m ahead of an updip panel, At a depth of -7 m, the very high stresses
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preconditioned panel, and daily measurements were faken as the face advanced

collapse, making the installation of the sirain gauges Impossible, Finally, two of
towards them.

these instruments were installed at around 30 m ahead of an advancing

encountered made drilling extremely difficult. Eventually, the holes started to
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Figure 5.2.9 The relative positions of all convergence stations
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5.3 Qualitative analysis of the effects of
preconditioning

5.3.1 Ground conditions

After the Initiation of preconditioning on a particular panel, it was observed that
the ground conditions improved significantly. Figure 5.3.1 shows the
improvement of hangingwall conditions before and aftar the introduction of
preconditioning at an up-dip panel at the test site. This pholograph was taken
from the panel face looking down-dip, The position where preconditioning was
first introduced in this panel Is indicated by the white dashed line. The
preconditioned panel hangingwall was smoother and more competant and safer
than the unpreconditioned hangingwall. This statement |s quantified in Sections
5.4.4 and 5.5.3. The reduced shake-down due to seismic events in the vicinity of
the panel showed the competency of the preconditioned hangingwall. In addition
to safety implications, the improvements resulted in gasier and more effective
supporting practices, reduced stoping costs and improved worker morale,

[
Figure 5.3.1 The improvement in hangingwall conditions brought
about by the introduction of preconditioning
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Ancther example of improved hangingwall conditions In a praconditioned panel is
shown in Figure 5.3.2(b). This is compared to an unpreconditioned panel shown
in (a). These two photographs wera taken In the same panel on the same day.
The photograph at (a) shows the down-dip portion of the panel and at (b) the up-
dip portion of the panel. This panel was drilled and blasted by two drilling crews,
each being responsible for drilling half of the panel. The photographs were taken
a few weaks after the introduction of preconditioning into this panel. The
difference in hangingwall conditions could be explained by the fact that no
praconditioning holes were drilled by the crew mining the panel shown In (a) but
the preconditioning holes had been regularly drilied by the crew mining the panel

shown at (b).

(&) unpreconditioned (b) preconditioned

Figure 5.3.2 A comparison of hangingwall conditions in
unpreconditioned and preconditioned portion of a panel

When a preconditioned panel was closely examined on the day foliowing a biast,

a clean and straight face break shown in Figure 5.3.3 was cbserved, and there
= This indicatas an effective

IN INE NUIMIDET U1 PR uune
initiated from each preconditioning blasthole were observed. However, these

blast-induced fractures were extended up o and terminated at the contact
betwean the reef and hangingwall or al the contact between the reef and footwall,
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Figure 5.3.3 Improved face and hangingwall conditions in a

~12a%

mal pmsmram

facebursts and minimise the damage causea Dy any
the vicinity of the face. During the preconditioning experiment, no faceburst was
reported from a preconditioned panel. However, some slight injuries occurred

where incorrect or Ineffective preconditioning was done and five such cases are

described Deiow.

Case 1: A seismic event of magnitude M=2.0 was located very close io the
\West 4 preconditioning panel on 25 July 1995, Although significant damage was
observed in West 5 panel, which was nol preconditioned, the adjacent
preconditioned panel showed no damage at the face or in the hangingwail.

Case 2 The first preconditioning panel had been mined for aimost two and a hall
months avar the period 23/5/1985 to 13/8/(1985. Owing to preconditioning, a high
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face advance rate was achieved in this panel and it reached the planned stop
position earlier than expected. The mining activity in two adjacent paneis
continued towards the stop line at a slower rate. A seismic event of magnitude
iM=1.1, which was iocated about 30 m from the preconditioning panei, occurred

on 31 August 1995. This particular event was associated with a faceburst in the
preconditioning panel, which caused some damage at the loose end of the panel!

preconditioning.

Case 3: A rockburst on 15 February 1996 caused some damage to a diagonal
panel (West 2) resuiting in injuries to five workers. An event of magnitude M=1.9
was located within a few metres of the West 2 diagonal panel. The damage in the

West 2 panel comprised falls of ground and significant scaling of the face, but no
ejection from the face. In order to investigate further, the preconditioning project

team visited the site on the foltowingday. — — —# —# —# —# 7 7

Extensive falis of ground were observed throughout the panei. Biocks had been
ejected from the hangingwall in the area between the face and the first row of
packs. The damage was worst in the heading of the diagonal gully where no
support was present, and two serious injuries had occurred here as shown in
Figure 5.3.4. In this area, blocks of up to 1 m in thickness had fallen from the

between the face and the line of mechanical props where three other workers

thirknace nf the siectad hlocks was
S TIWIN 1WA W Wi vjvv\v\- MINWINW WY ~7

\\\\\ A ininirad Th
WOITC HIJUIGuJU. 117}

[}
§

The face was intensively fractured and crushed in some parts of the panel. No
face bursting was observed but some reef scaled from the face. This scaling was
about 30 cm deep and lay about 1 m from the face. The face had been blasted
the day prior to the rockburst and the sockets of both preconditioning and

production holes were visible at the face. It was observed that one of the
preconditioning holes as shown in Figure 5.3.4 had not been drilled on the day

2 D VV—‘

the two neighbouring preconditioning holes was almost 6 m. This could have
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The recommended preconditioning drill pattern for this panel required 3 m long

caused an undesired stress transfer onto that part of the panel, and it was here
preconditioning holes to be drilled and blasted together with normal 1 m

that most of the damage occurred.

rockburst resulted in extensive damage and five injuries

scale)

Figure 5.3.4 Schematic plan of West 2 diagonal panel
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arﬁn'unt of face scaling that occurred during the rockburst,

It was 'mncludad that
but that it had
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the panel had not been preconditioned correctly and effectively,



provided sorme banslil in praventing what would olherwlse, aimest certainly, have
bean @ mors damaging faceburst.

Case 4. A faw cther faliy Lig seismiz avants caused Injuries and damage to the

R

diagonal paneis near to ihe stabiiising piliar. Most of ine evenls resuiied in

extansive falls of ground in these panels. During Lhe Investigations thal were
dong after sath event pgor precondliioning praclices were ubaerved, Thase had
resulted in posr hangingwall conditions, with Incraased suscaptitility to saismic
darnage Further, lhe dlagonal mining faces caused poor Mining geomatry on the

ith ekda of tha slahijli=ing nlll:u- and most of lha | u-m irles orerand during ke
Lt nad mast Qg oooumasn quning the

11 Frmw == SENLr wiwrwic iy primEnT g ST

traming of this ground.

Casa 5 Atolal of 21 =elsmic avents of a magnitude greater than 1 wera racordad
from the test site durlng tha period bebwesn 26/M8/56 and 201096, Two of theae
seismic events occurred virtually simultaneously on 5 October 1998 and wera

locatad betwesn the preconditisned panal West 3 and an unpraconditioned
pane), West 14, Their localions ara ingdicated in Figure 3.3.5. Although severe
damags in the form of extansive falls of ground was observad n the
unpracondltioned panel, the preconditioned pansl shewad minimal darmaga n the
face gnd the hangingwal. The prodiclion in ihe unprecondliboneg panel had o
ba slopped for a we-week rehabilitallon perod as a rasull of the damage |t had
suslalned. However, produchion aclivity continued in the pracondlioned panel on

the day folowinng the bvin seismic Bvents. No inlurles were reported 55 3 ragult of
thia Incident. Four other large ssismic evenls octurred in Closa proximity to tha

rctiogatia danmga i the panet

5.3.3 Workers' perceptions

Tha berefit of precondilianing is the reduced risk of face bursting. This reduced
Tiak anhancas worker morale which, in fum, resuliz in a more efifcient workforea.

In one stope the pracondilioning technique had been ralemad to by the workfores
as “lha long hidss thal stap tha bursl™ and in ancther, praduction personnal said
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