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Figure 4.2.2 Preconditioning layout at the test site (17-24W stope)
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Figure 4.2.3 Plan of the preconditioning test site, showing the
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The PSS network had 3 fairy goed location acouracy (5.4 + 2.0 metres) for
saizmic evenls that originated from the preconditioning slte, This location
Sccurady gigvided a high degree of confidence fo studias af migratary pattems of
microgeismic evant localions ahead of the mining faces. Thase migratory
pattemns were ralatad to the siress mdishibuilcn that ook place in the reckimass
dunrng mining and pracondilioning activity. This feamad am impartant part of the

analysis of the effectivaness of preconditioning.

Convergenca measuramants

Convergence dats was acquired with the use of convergance stations by

maasuring the distances between bolis instaiied L the hangingwail and footwali.
T - .

1987}

of deterioratlng ground condllons in Ihe back areas and the rapid corvergance
rate close to the faces, Siations often bacame Inaccassibly § m from tha face.
Despite thesa difficullies, a large database of ¢onvargencs measuremgnits within
10 m of the faces was collated, and the rockmass responss n the form of ground
movamant was analysed,

Ground motlan monitoring

The Ground Matlon Monitor [GMM), known as the “Black Box™, was used 1o
rgcord the ground accelerations during lace-parallal pracondiioning. Thess
recorded graund accelerations for gach preconditioning bast were comparad to
the seismic dala pbtained Jrom the PSS, the convargence measuraments and the
observations of Ihe change in ground conditlons afler the Bast. The “Black Box"
was intanded to remove the subjetlvily from he chservalions of tha face
condition &t o provids measured values of he ground response 1o the
pracondtioning Blast. This allowed, al least partlally, the avalualion of 1ha effacls
of tha stemming of 1he precanditioning hols ard beyond tha end of tha hole In
situations wherg tie haly was drilled shorter than the face length.
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4.2.4 Summary of preconditioning activity

During the preconditioning experiment, 3724 square metres of ground was mined
with 51 preconditioning blasts over a period of 39 months. This corresponds to a
total of 93 metres of face advance, which is an average of 2.39 metres per

month. A total of 4328 kg of explosive was used. The total length of
preconditioning holes drilled was 722 m and an average of 85 kg of explosive
was used in each preconditioning hole. The average time between
preconditioning blasts was 24 days, and this was maintained fairly consistently

hout the test period

A number of criteria were used in the assessment of the effectiveness of each

preconditioning blast at the 17-24W preconditioning site. These criteria were
developed in an attempt to minimise subjectivity in the assessments. The criteria
were:

¢ the seismic magnitude of the recorded blast event;

the number of seismic events recorded from the site in the 24 hours following
the blast;

the magnitude of the largest event in the subsequent seismicity;

the degree of spatial migration evident in the subsequent seismicity; and

 the convergence recorded on the following day.

In the assessment, account was taken of:

o the amount of explosive used in the blast,

e whether or not there was a production blast in another panel on the same day;
and

o whether the convergence measurement was made in the panel of the

preconditioning blast or in another panel.

The rating system which was developed is outlined in Appendix A. Appendix B

_____
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blast. Note that the rating system was conservative, so that an acceptable
preconditioning blast was one that scored 30 per cent or more. A very effective
blast scored 50 per cent or more. The average rating for all preconditioning blasts

was 38 per cent, with 70 per cent of preconditioning blasts having scored 30 per
i i in Table 4.2.1

Table 4.2.1 Summary of preconditioning blast ratings per panel

Average rating (%) Blasts above 30% rating (%)
Stub 28 40
Panel 1 40 79
Panel 2 41 76
Total for the pillar 38 70

It is clear from Table 4.2.1 that preconditioning blasts set off in panels 1 and 2
were typically more effective than those set off in the stub. This was related to the
orientation of the preconditioning holes in the stub and to the fact that shorter
preconditioning holes with less explosive were used in the blasts there. The
relative lack of effectiveness of the stub blasts was a source of concern, as this
area of the pillar was the site of a substantial concentration of stress, which might
be aggravated by the effective preconditioning of panels 1 and 2.

The preconditioning blasts with low ratings (20 per cent or less) generally
followed inadequacies in the preparation of the biast (incorrect hoie positioning or

orientation, drilling difficulties, insufficient stemming, etc.). Other ineffective blasts
were produced by short or small-diameter holes with less explosive, especially for

the blasts in the stub.

[ ol TP

The average rating for

another panel on the same day was 34 per cent. This result indicated that if a
production blast took place in a neighbouring panel on the same day as a
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precanditloning blasl il had littke effect on the rasults of the pracondltioning

procass.
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response, on tha laval of seismicity, rockbursi incidences, gener
conditions and salety while mining the stakllity piltar at (he expariraniation sita,

ihe foliowing objeciive maihods were used:

= an analysis of tigganng effect of preconditiening,

= COvergence manilong,

o ground molicn moniboring;

v an assessment of face dilabion:

« an analysis of mining-inducad fracturing; and
®  S58i5MiIc tomography.

Analysis of seismic activity

The Full s&lamic histary of all but three of 51 face-parallal preconditioning asls
was recordad by Ihe monitaring PSS, This history included the blasts Iemselvas,
as wall as Ihe seiamlcty occurring at the site In the 24 hours fellewing each blast,
The monilonng and analysis of seismicity allowed the developmeant of a
consldarable understanding of Ihe proceases occurdng in tha rockmass In
response to preconditioning blasis.

About B0 percent of the recorded precondltioning blasts ware detactad as avents
wilh seismic magnlludes in the range of:

M = (Mass of explosive (ka) /1001 205 (2}

whera “mass of exploaive” used for tha blast is given in kilograms (Fiqura 4.2.4),
This gives a seismi¢ efficiency of about one percent. Two of the recorded
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pracondilioning blasts had magniludes abova this range, Indlcating a releasa of
stared siraln energy from the rockmass in addilon to that would arise from Lhe
marmal intaraction of the explosive wilh the rock. The rockmess In the viciniy of
hoza two blasls had clearly bean carrying excess (oad, which was ralievad by
the preconditioning. Eighl of the racorded precenditioning biasis had megnitudes
halow the range given above. These wara mosly hlasis fram short holas wilh

dimalr ET W w - -0

(L]

small quantities of explosive, or blasts from incorrectly laid-out nolas o heles ihat
Fe

t had not baon drilled to the planned langth,
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Figure 4.2.4 Comparison of the recorded preconditicning blast evant
magnltudes with the amount of exploaive veed for each blast

Tha seismic data showed that effactive precenditioning blasts induce siress
iransfer away from the praconditlonad area, relaasa =lored sraln enargy from the
rackmags and can beneficlally affecl the strass concentrations in areas ol the
rockmass adjacent to Ihe precond|ficned area. The SEIEMIC exprassion of
pracondilioning in a rckmMass inclides the blast evenl ilself, an increase in the
rate of Induced microselsmicity following Lhe blasl, and the triggering of any
sgparate larger ssiamic events by the blast. A lew specific casa examples ara

givan below:
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Case 1: effective preconditioning blasts
exhibits spatial migration away from the vicinity of the preconditioning blasts,
indicating the transfer of stress further ahead of the face of the preconditioned
panel and towards unpreconditioned ground. Figure 4.2.5 shows an example of

the effects of a preconditioning blast that took place on 26 November 1992. The
_ starin Figure 4.2.5 (a) shows the location of the blast event (M =0.7) as

recorded by the PSS. The arrow in Figure 4.2.5 (b) indicates the spatial migration
micity (circles) recorded by the PSS in the 24 hours following the

S LU Y

blast. This seismicity showed a clear migratory trend away from the top panel
towards the panels below, indicating the transfer of stress away from the panel

after the preconditioning blast.

(a) ()

Figure 4.2.5 Seismic data recorded during and following a

_ preconditioning blast at the test site on 26 November 1992

Case 2: Figure 4.2.6 shows an example similar

in Figure 4.2.6 (a) shows the location of the blast event (M = 1.0) as recorded by
the PSS. In Figure 4.2.6 (b) the arrows indicate the spatial migration of
microseismicity recorded by the PSS in the 24 hours following the blast. This

seismicity concentrated further ahead of the preconditioned panel (i.e. away from

the working areas), as well as in the adjacent panel above, indicating the transfer

of stress away from the vicinity of the preconditioning blast. This example
d sequencing of the preconditioning of adjacent

,,,,,, L. A~
a W 1w LU

iilustrates the nee
panels. Since the preconditioning blast in this panel transferred some of the

stress onto the panel above, it was thus important that the panel above had been
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precondilionad (destressed) prior to Ihis panel, or tha stress ransfer might hawve
ioaded the rockmass anead of panal above and led il to Fallurs,
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enargy from the rockmass Lhrough mewﬁﬂhﬁparatmgmmmm

averts. While thoge have resultad in some damage lo the working areas on
accasion, itis significant that Lhe events wara Iriggerad at a ime when thera wera
no warkars in the stope, so that (ha strain energy which had built up in the
rockrrace ahead of the stope faces in responsa to tha mining aclvity was
released wilhout injury to workers, The star in Flgura 4.2.7 {a) shows tha location
of the preconditioning Hast avent (M = 0.8) as recorded by the P33 on 31 March
1863, This preconditioning Maat facllitated the release of stored strain snergy by
triggering an addltional event (M = 0.4] in the sama panel, Tha white star In
Figure 4.2.7 (b} indicates the localion of this event. Tha subsequent
microzeismicity {circdles in Figure 427 {b}) migrated away from the
precond|tionad panal, Indlcating that the vicinily of the blasl had baen effectivaly

testraszad,

Casa & Through \he mechanlsm of siress Iransfer in the rockmass, effactive
preconditioning blasls alter the stress concenfratons in adjacent araas,

There was a lhree-month production stoppage fram July to Seplember 18954, and
it was decided to pracondition all lhree laces hefore restaring the preduction
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activity at the site. The first of those blasts, on 20 Saptembeor 1854 in the kop
panel, went according to plan and was sffeclive in preconditioning lha rackmass
ahaad of the panel faca. Bul, due 1o seme dillling difficulliss, nalthar of the

pmnﬂlhnnlng hlaah: I tha middle nﬂnnl on 28 "'-'.pnlnmhnr and in the =tub on

28 Saplamber, producad a discamible pracondltionihg effecl. Thus, the top patsl

nnnnnnnnnn hloot A 10 ﬁﬁtﬁlﬁ.ﬂr 'lm.ﬂ +J"u"l.|.|‘ nlgrg at a ime when naithar
FIII:.'\.U[IUILIU[III IH EfICLA L AN b el b e WelWfin pFicd OL O LIEID ¥Rl IOEs -;| L=

middle panst nor the stub had been effectively destressed.
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Figure 4.2.7 Seismic data recarded during and follawing a
praconditioning blast at the test site on 31 March 1993

The precondltioning blast on 28 Ogtober 1984 was recirded as an M = 0.9
smigmlc avent by the PS5, The starin Figure 4.2.8 (a} shows tha locallon of this
avent. The subsequent micressismicity (eircles in Figura 4.2.8 {b}) migraled
down-dip, Indicating the transfer of siress away from the preconditionad panel.
The additian of Ivad to the rockmass ahead of the panel below then triggemsd a
large [M = 2.1} seigrmic avanl in that area, releasiny Lhe straln energy thal had
accumnulated there. Tha whita star in Figure 4.2.8 (c) indicales the localion af this
tiggared avent. Tha destrassing of bath panals in sequeance suggests that
addltionai load was then being camied by the rockmass ahead of lhe stub face, a
supposition bome out by the subsequent triggering of a large (M = 1.5) selsmic
avent In that area by the produclion blast in the stub faca. The while star in
Figure 4.2.8 {d) shows the localion of this triggered evant, All of the mining faces
wara thus effectively desiressed by the one precanditioning blast in Ihe top panel,

on that scsagion.
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Figure 4.2.8 Selamic data recorded during and following a
praconditioning blaat at the teat slte on 28 October 1934

Casa 5: The preconditioning bast in the top panel touk placs on 1Q January
1995, The star in Figure 4,2.9 (a) shows the location of the blast event {M=0.7)
as recordad by lhe PSS, The drcles in Figura 4.2.9 {b) show Ihe microselsmicity
racorded following the blast and indicate (he stress transfar away from that pansl
towards the panal below. A preduction blast in the middle panel face on (he
fallowing day then triggerad the instabllity that had develapad in the rockmase
ahead of the panet, releasing the storad straln energy by way of wo [arge

(M = 1.7) saismic avants, Tha darker clrcles in Figure 4.2.8 {c) show the
microsgismicity recorded following the production blast and two white stars in
Figure 4.2.9 {c) show Lhe localion of Iha tiggered ssiamic avenls.

While wall-executed preconditioning basts have baen proved to have vary
benaficial sfects on the streas stalg and conditlen of the rockmass shead of 3
stope face, it is Imporiant 1o note thal poody executsd pracondllioning btasts
wara silher [neffaclive or nagatlvely affacled the stress state of a rockmass.
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Figure 4.2.9 Seismic data recarded during and following a
preconditioning blast at the test slte on 10 January 1985

Defeclive pracandilioning blasts dus to the drllling of the faca-parallel
preconditioning holes too far ahead of the face eilner had no sffact on the strass
condition at the face or, in Ihe worst casa, actively added ta tha load carried by
ihe face. Seiamically, the results of the preconditioning Hasts sol off 109 far
ahead of the faca wars small blast evenls, little induced mlcreeeismicily, and no

triggering of larger saigmic avents.

O occasion, drilllng dificuliies hava necossitatad the abandonment of a
precandltioning hole before it was complatad, requiring the dalling of a second
hola in close proximity to he firsL |n @ number of such cases, even though the
firsi hole was grouted closed, the results of tha precanditioning blast have been
unsatisfactory. There has bean cear physical interaciion batwesn the holes
during the blasl, oftan with 2 significant amount of blow-oll damage batwaen tha
collars of the holes. While the blagts themselves have generaliy besan adeguate
a= shown by the magnitude of Iha recorded blast event, there has beaen ittla
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Induced micraselsmicily and no tiggering of larger ssismic events by the blast,
indicating & lack of interaction of tha blast with the sireas lietd in the rockmass
ahead of Ina stope face.

Casa B: An axampla that sarves 1o illustrale the mportanca of comact

ir of ﬁmr-nrirllhnﬁlr'\ﬁ blagls that ware sal off in .ﬁnrll 1584,

blast of 11 Aprll 1994 was set off in the stub without Iha

ned hofamaimamn Tho elgr in Fimpg A 2 -1!'!
I [ Sl [SIRTLE = INL- PR =] UL bl

H:I

The preconditicnin

—|.

3% shows the location of the Past event (M = 1.4) as recorded by the PS5,

1=°F

The slub pracondilioning hole was criented effeclively perpendiular to tha stopa

=l

b
face, with the Intenlion of remobilising the pillar-sdge parailal |
as [hat the p cundlunmng blast

T mds s
ITALLJEAS

This area is generally not effectively praconditionad, dua to ihe geometic affact
of the starmming naar lhe collars of the slub and middle-panel precondiioning

hikas,

The hree production blasts which took place over the following days do nol
appear to have altared Ina slress state belwean the middls panel and the slub
significantly. The circles in Flgure 4.2.10 (c) show the microseismic avents

aesoeiated with these production blasls.

On 15 Aprl 1864, a proconditioning blast was sat off in the pansl above the stub,
The atar in Figura 4.2.10 {c) shows Lhe location of the blast avent {M = 1.4) a3
recordad by Iha PSS. This seams to have had the effect af adding furher to the
slress which had concentrated in Lhe area and & largs {M = 2.3) damaging
zeismlc event resultad, locatad on the face between the middlas panel and the
stub. The whits star in Figure 4,2.10 {d) shows tha locatlan of this triggarad

seismic avanl.
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Figure 4.2.10 Seismic data racorded during and following the

preconditioning blasts at the test site on 11 April and 15 April 1594

Analysls of triggering effect of praconditioning

During the thres-and-a-half years of face-parallel pracondilioning, 48 large

{M =1.0) seismic evants wera recarded in Ihe vicinity of the 17-24W
precaonditioning slte. Tabla 4.2.2 summanses the varlous triggering conditlons
associated with the large events. Of thasa, 45 were locatad less than 50 m ahead
of the stope fana and the ather Ihres evenls were located within he core of the
pillar, between 50 and 100 m shead of the faces, Twanty-four of these 45 evenls
uecurmed during blasting lime Bnd the majorlty of the remaindar oteUrred within 2
faw hours tharealter, In facl, some 40 of tha 45 evants ware assgcialed with a
clearly recognisabla trigger mechanism, In Ihe o of Iha preconditioning blast or
production blast. The remaindar probabfy rasUlted from the accumulalion of
sirese via tme-dependent affects at work in the ruockmass ahaad of the
advancing faces. Four larger avents ook place during tha day ablll, whan
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workers were present in the stope, but none of (hese resultad In Injury to any of
the workars.

Tahle 4.2.2 shows lhat 44 4 percant of the 45 larger seismle avenis were

She

azsociated with preconditioning activity in some way. This Included the blasts
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triggering of $eparale largs evants by preconditioning. ©n the ather hand, 48.7
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Takle 4.2.2 ODccurvence of larpe [M =1.0) gelsmic avants of the
praconditlonlnyg sita

Number of Percantage of
evenls Lotal '

Racorded preconditioning blasls Fil 15.8

Triggered (praconditloning only) 5 11.1 )

Triggered (pracondlloning & production} 2 4.4
Triggered {production after precandilioning} * 5 EX
ol directly tiggered {afier precondiioning) * 1 55

Subiptal: Related to precondlbioning 20 a1.4

Triggering {production only) 21 467

Nest iriggersd 4 849

Togal within 50 m of stops face? 45 100.0 ‘!

Twathin 2 days of presonddioning biest

? axclalas 7 aventis i Sore of piEs

While the numbers in Table 4.2.2 are given in tarms of the total number of large
avants, those (n Tabta 4.2.3 are Given i1 larms of the lodal number of
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preconditioning and produclion basts assocated with those lamea svenis. On
sevaral occasions, single pracondibioning or produclion blasls have triggered
muiiiple fange events. Fram Table 4.2, 3, it is dlear that precondiioning asting
was more afficlant than producstion Blasting in tarms of the triggering of larga

sRismic avaniz.

Table 4.2.3 Occurrence of large (M =1.0) seiamic evenis in

asgociation with preconditicning and production activity
| Trggenng | Tolalbiasts | Triggering
blasts Penzeniags
Praconditioning | Panel 1 12 19 10.5
Paral-2 14 22 273
Stub 12 T 20.0
Tictal 10 51 15.6
Priduction Pansl 1 1 2 104 1.4
Panel 2 K =108 12.0
Stub B T 7105 7.6
Total 29 ETF; 6.6
Vinglyoes M. 2=1.0 -i.afast Svents
? feoli-face Dissts onfy

Clasardy, well-conirolled precondilioning blasls radistributad stresses effectivaly
and also =erved to conlral the Uming of the release of stored atraln ensrgy from
the rockmass. Poorly contrallad preconditioning blasts, on the other hand, sither
did not redistlbute slress sffaclively or acted 12 induce unfayourabla stress
redistributlon (i.e. moving the stress lowards the face of the *pracondilioned”
stea, rathar than away fram il Actuzl preconditicring blasts that ware set off too
far ahead of the face, n the reglon of highly confined rock, did nol induce any
obgarvable stress changas in the rotkmass. However, some larger seizmic
avartts that wers located further ahead of the face than the ysual position of a
pracondltioning hole induced unfavourable atrees redistribulion by effectively
destrossing the source region and driving the stress back onte Ine clozest panel

faca. Yhile pracondiioning clearty capnct control Iha larger-zcale babavipur of
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lhe: pillar {larger saismic evants wlll continua to cccur 85 the rockmass of the pillar
responds 1o the stress changas induced by mining), precanditioning was very
effaciiva im i viciniy of e slape facas, ol in tarma of the relgxation of stress
thare and in ez of the creation of 3 ‘buffer” zons, which sarvad to rmduce the
advarse effects of iarger seiamic evants on the working aress,

Convergente measurements

Tha daily convarganca rates for production and precondilioning blasts are
compared in Tabia 4.2.4. All measuremeants warg taken within less than
10 metras of the advancing faca. Tha average sonvergencs for 1ne production

i =ar- 1 =i 08

blasts is based on nearly 100 data entries, but the precondilioning dalabase is

anlala'- wml 1 Tn ST | 0 20T R Ik = d W=Twidal- [y FHE FO LD =
H P i - o i S R i L

FAH .

producHon and precanditianiag blasding

[ Cunvergence Rale (mmiday) measured at
Panal 1 Pana| 2 Stub
Production FPanel 1 G542 5.0t 48 A0+ 23
blast al Panel 2 E3z7.1 221195 | 144%0986
| Slub 4261 BELO0 83:38
'"No blast 2413 38+24 | 28:15
Fragondilioning | Pansl 1 B3 1137 50+39 i
blagt at Panel 2 1211112 | 2801871
Stub 1421138 -

*** Insufficient Dala

A production blast In & panel hat a great effect an the convergence rate of that
pane| and a reascnably imited effect on ihe ad|acent panels, Preconditioning
Biasts from Hojes pogiioned 5 m ahead of the face hed & greater slfect on the
conyarganca lhan did the production blasie. Thls was especially evident from the
convergence recorded akter a precondilioning blast in the panels other than the
one actualfy being precongilionad. This s dug o tha mare giobal effect of the
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precanditioning blast whith was indirectly achieved as a result of stress transfer
onto unprecond bonesd ground. The high standard deviaions reposted for the
preconditionitg bliasts wers due fangely to e vanabiiity i tha conditicng in which
tha blasts were carrled oul Savearal blasls had heen lass sycceasful than

expecled, resulting in a kower convergence and others had triggerad large

oustuebe rocnltims o
'l\'llm' lwulll.m IPp = 9w

Y

Despile e fact that oniy six preconditioning biasts had laken piace with the

nd motlon monitors netalled, spacific responass ware aoparent, Ground

[ | galT|
- ==r

accelerations recorded wilthin the charge length of the hoie ware in extess of

collar side {~238 mis™ ware conslderably less than those measurad {owards the

cattra of thechargs:
Dilation of stope face

An affective preconditioning blast resulted in scallng of rock off lhe face and
shake-out of kaosa rock from the hangingwall. The exient of this depends largely
G the frackirad nature of the rock and the exten; of baming underlaken by the
stope craw. On sevaral eccasions, howaver, a considerable amount of dilalion
was noted on tha face {Flgure 4.2.11), previding more evidence to support the
misdal of precondiioning {Lightool, 1883; Lightfoc), af gl 1984; and Kultimann,
et al . 1994} and ils Inleraction with bhe rockmass, Dilation of the face 5 clearly
indicatad by the opan fractures enhanced by paint lines [nitially applied for a
Ground Penetrating Radar (GFR} scan befors the blasl Seallng of rock from the
face rasulted in tha remaval of paint lines an bolh sides of this area as shown in
Figure 4.2.11. The amounl of dilalion, howevsr, ia extramely diffieult b guaniify,
with any dedrea of acCuracy., USING domvenional measuning technlquas,
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Figure 4.2.11 The stope face appearance after a preconditioning

blast

In order to quantify the amount of dilation of the faca Into the open stope and the
opening up of pre-existing fractures, a technigue called digital photogrammetry
was used underground. Images of the face were captured, with the use of a high-
resolution digital camera, before and after the preconditioning blast (Figure
4.2.12). However, the biggest constraint in the use of this technique for
underground analysis was In providing a fixed control point to gslablish a co-
ordinate reference system. Since no point near the face remains fixed relative to
any other paint, especially after a blast, the results could only be evaluated on

the basis of certain assumplions (Figura 4.2.13).
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persistence ang usually do not contaln any secondary minergls, Soma of the
Group IV frachares contain a whitlsh gouge simllar to that of tha Group 1|
fraciuras. This laads to the intarpretalion that thase Jolnts wers sheared as a
resyll of mining actlvity at a laler stage.

Groug t This graup #es at roughly 130" tothe silke of tha face i 8 steep angle
of dip. These joinis nterconnect with Group Vi fraclures to form distinctive hackly

hanainnwall.
g

products of pracondilioning alone. Since 17-24W stabilising pillar was mined only

with pracondilioning, a comparlson of characlers and atundances of the fractung
graups identlfiad, with and without preconditioning, was nol possibls.

Allbough the evidence fram Ihe Blyvooruitzicht Geld Mine 5ile was ess diract
thare were strong indications of re-aclivalion of pre-exisiing Iraclure surfaces In
the precondilioned araa. This was Mbst neticeable In Ine Group I fraclures, with
svldance of both horizontal and lateral movemnent at a later stage. In othar words,
iha reactivation of Group 11l shears through induced siress radistributlon by
mining aclivity with preconditioning was evigant. Formation of Group IV and
Group V1 faulls were assbolated with this shear movemant and the siréss relaase
immedialely ahoad of lhe facs by praconditioning. Certaln Group IV and Wi
fractures within the shaar zones of Group [l changsd their sharacter from fine
jolnis inte millmetre thick hands of crushad quatzite gouga, indicaling that
further movement had ocourred aleng the fracture plane. Thare was strong
avidance 1o sugges that Lhe direction ol propagation of seiamis events direclly
aftar the praconditioning blasts was In the same orlenlation as that of the Group
W fractures (Figure 4.2.15), This further Indicated that tha mechan|sm of siress

redietribution was by ra-activation of axisting fraciures,

141



| Fl. J-il --u-rﬁ- -1 L
e o L EE - Lol u--'..h.:hr -t
;m._“ I,.-d,; ﬂ.‘l-l-l- g el

1

3
I
B
!



velocity (Maxwell and Young, 1895). According to Maxwell and Young, 2ones of
conganiraled seismic activiy have been lound to be assodiated with Zones of
anamatausly High valoclly, while low-vslocily 20nss lend fo be gsgismic,

A 3ejgmic oMography expariment was pe
{17724V atability piifar) at Blyvoaruitzioit Gold Mine o cha¥aclense \he sie In

[P caml o

e of a mntmllﬂﬂ-mum EHIEI:THL "J'ElﬂL-iﬁl' nnaga. Tha VH"UI..II.]' SOy WES
renaated afler a praconditioning biasl In panel 1 in an atternpt 13 azs2ss the

AR e - =

asapclaled effects on the siress stals of the i

.-.I.-I.-..n.q.n..q..-l

The foctwall and hangingwall drives to the norih and souin of the piliar were used

rFihg sUMVEY. A serles of an rru-u*fnr:ll'nl".;l r'l‘rmr‘l'i.l:rhrrl‘-tﬂﬂﬂll'l‘d I ntilang bareliales

,n HEr | |t N e

ame&uﬂmxﬁthlun axpluswa'] wares detonated in each of these holes In

turn. The blaslz wers recorded on & ssismoemeter manitoring lhe Mydrophona
zeneors and the exact detonalion tima for each hlast was measured at the
source. The acqulsition geormalry resulted in denge ray covarage of the survey
areq (Camaeird, 1395).

Soma 1070 P-wave frave|-imes to each hydrophana wers computed by visually
pkcking the arrivak-times (Makwell and Young, 1995}, Good signalto-noise ratlos
and clear onsels wera evident in the wavelomms oblained from each sensor and
the trayel-limes were acourately measured to within ko garnples on average
Mexewell and Young, 1995). Similar quality data wera acqulrad from an
accalaromaler sansar mounted direcily on the tunnet wall surface. This showed
that the fraciuring around the tunnsl exiended beyond the ends of the
nydrephona holes, 50 that gimilar signal attenualion was exparlenced al both

gehsar positions.

Ising Ihe survayed localions of the blasl and sensor bareholas, he apparent

velocilios for tha rockmass wera computed oh the assumplion of straight ray
paths hetweenh sourcé and raceiver through the pillar (Maxwsll and Young, 1955),
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Significant velocity variations were detected in the pillar, with velocities of
hatuaan nd 6.00 km/s being measured, the average value being 5.67 km/s

LA A ASA = B | _T \l ul v Weww A A

(standard deviation 0.16 km/s). Figure 4.2.16 shows the variation in velocity from

p,, r hetween common source and

receiver holes. A low-velocity zone in the east, corresponding to the open stope,
is evident in the figure; ahead of the face, there is a region of increased velocity,

_ corresponding to the expected high-stress anomaly in the pillar. Beyond this,

there is a region of lower velocity, followed by a second region of moderately high

velocity.
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Figure 4.2.16 Plot of the straight ray apparent velocity

measured between common shot and receiver hole numbers,

showing the velocity variation from-east to west (after Maxwell-and
Young, 1995)
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A pervasive apparenl-velocity anisotropy {i.a. the apparent velocity has different
values In diffarent dirsctions through the rockmass) of some 7.5 per cent was
found consistantly throughout the dala sl (Maxwell and Young, 15825) The fast

di.“%cl'i‘“ﬁ uaes hamlial in q.h-ilr.n whila tha nnnnrnm \mlmlh.l' was slowar I the rlin

WBS hara
& arn i5utrﬂw was moslt likaly produced by the slrongly developad

u.lh T nﬁl‘ﬂll‘nl’ 'F.I"I. l'ﬂﬂ fnn d:lnr'll hﬁfl’ﬁrﬂ J:luﬂl'n:ld
g LiLrg F L s el o A Slgys

of the pillar. A correction was applied to the data to minimize the influsnce of the

B, . Ly

A velocity image with a S-by-10 melna resolution (Figure 4.2,
a
&

@
2
Y
&
o
&
3

Invarting Ina ravel-limes. The tunnals usad for E.m_uiSIliDn

pmpagatad thrcugh the (¢losad} excavatlon or were diffracled around the stope
faca. According to Maxwell and Youryg {1823}, tha low-valocity anomaly was
smaarad to the footwall and hangingwall drives dus to the limited ray path

covarage in the corners of the: Image,

A high-velocity region extends from horth {0 south a6ross tha pillar anead of the
stope face in Iha image ('R’ in Figure 4.2,17). This increased valocity can ba
glirlbuled to the expacled stress incraase ahead of the advancing face. Tha
mining-induced selsmiclty racordad twy the monlloning PSS during the perled of
the surveys tendad 1o concentrats in this high-velocity region, as can ba ssen In
Figure 4.2.17. The highest velocilies were found |n the southarn portlon of this
renion, ahesd of the facs between panel 2 and the advance haading {stub). This
wag an area of ine pliar thal was belleved to be ineffeclively preconditionad
because of the geomatres of the panel 2 and the stub precondilioning holes, as
wall z5 the inflyance of the starnming al tha collars of the holes. It was the sita of
a large (M=2.3} damaging seismlc svant In April 1954, aftar the stub was
preconditionsd out of sequence balore the pracondilioning of panel 2. This

145



6.00 ks
5.86
572
5.58
5.44
5,30
5.16
5.02

Figure 4.2.17 Straight ray velocity image produced from the
seismic tomography survey (after Maxwell and Young, 1995)

Within the pillar, the image shows a sacond moderately high velocity anomaly,
roughly 50 metres ahead of the stope face ('C' in Figure 4.2,17), which appears
to correspand to a secondary siress anomaly. Both of the high-velocily regions
axtend from the footwall drive to the hangingwall drive in the image: according to
Maxwell and Young (1995), ray path smearing was to be expected in the north-
south direction from the acquisition geometry. A secondary cluster of seismic
activity was observed within the care of the plllar. Figure 4.2.18 shows the
locations of the larger (M>1.0) seismic events, which were recorded by the PSS
prior o this selsmic tomography experiment. Figure 4.2.18 shows the locations in
plan, while Figure 4.2.18 shows a time section in which the locations of the
avents through time are projected onto the line A-B in Figure 4.2.18. As can be
seen in Figure 4.2.18, most of the events were located in the pillar ahead of and
relatively close to the advancing stope faces, whila the three evenls highlighted
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The serias of alternating high- and low-velocity regions along the southem
in Figure 4.2.17) appeared to be localised, near-shot
similar, consistent trend over

boundary of the image (‘D'
velocity variations; the average valucjﬂas-shmd a '
a number of shot holes (Maxwell and Young, 1995). The velocity anomalies ware

thaught to coincide with regions of ralatively more and less fractured rock
batween the hangingwall drive and the plllar.

Carneiro (1995) reprocessed the travel-time data, using a curved ray tracing
algorithm, which caters for the effects of refraction of the selsmic waves as they
pass through the rockmass between source and receiver. The 5-by-10 metre
pixels used by Maxwell and Young (1995) were thought {o infroduce

merical artifacts into the resulting Image. The resolution of
irveved area Into 1-by-1 metre
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Young, but without the interpolation artifacts and with a clearer definition of the

resultant image (Figure 4.2.20) was similar o that produced by Maxwell and
high-velocity l‘ﬂﬁﬂl‘ll

plxals, ensuring ﬂu_t—alrm#t-ﬂam plxel was crossed by at least one ray paih. The

same order as the observed variability in the measurements, so that there was
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considerable uncertainty as to whether any significant velocity changes would be
148

detectable with such imprecise measurements (Maxwell and Young, 1985).



Figure 4.2.20 Velocity image of Figure 4.2.17 reconstructed
through curved ray tracing (after Carneiro, 1995)

The imaged velocity-changes (Figure 4.2.21) show velocity variations from -
0.22 ks to +0.20 km/s (measured with respect to a datum of 5.85 km/s), with
an estimated maximum error of 0.16 kmis (0.08 kmis [n the centre of the image).
The alternating high- and low-velocity regions at the northern boundary of the
image (‘A in Figure 4.2.21) were thought to be noise-related, as the anomalles
were smaller than the error in this portion of the image and were thus nol
significant. However, the velocity Increase of 0,12 ks near the top of the pillar
(8" in Figure 4.2.21) was probably significant (being larger than the error in that
portion of the image), and indicated an increase in siress ahead of panel 1 and
into panel 2 as a result of the iransfer of stress away from the vicinity of the
preconditioning blast. The seismicity recorded by the PSS after the
preconditioning blast migrated away from the blast location in panel 1, as shown
in Figure 4.2.22, confirming the interpretation of stress transfer by

preconditioning,
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