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As mming nraceeds deeper on . Eiandsrand CioId M‘ine scattered- :
mmmg will no . longer be \nab'ie due to the excessive stress
Ieveh which would oceur dur-mg minmg of ‘the final ramnants

hetween raises, Longwaﬂ mmmg with stmke stabﬂizmg pﬂlars_ -

1d eliminate this need for rmmant ‘mining.. However, since )
w:;\ﬂentersdorp Contact Reef on Elandsrand has a relatively
’!earge number of famts ‘and dykes and a highly variah’ie grade,
'Inngw&ﬂ mining wou?d resu'it 1n an exces sive amcunt of off—reef’ o |
a;ining and rnming uf un,fayab1e r'eef._ ' - o

Sequentia} gf"iﬂ mining. a new mining method utihzing d“ip stabi-: _ :
11zing pﬂlars a3 weﬂ as bragkat ptitars for most faults ard
dykes, has been pmgased as’ an alternativé. The purpose of this

inwestigation is to determine ‘the suitability of this mining“ o

* method for meet ing the rock mechanics requirements - for- deep

mining, and to compare it with the oreviously- praposed |

scattered mini-!angwal] mining methnd. Ce

L\'

'rhe com;,ueer modeﬂ'ing slwws that Imrg-tevm pﬂlar stabﬂity may-__ o
iz a’problem, but. that there 15 1ittle differencg between dip .

i

“‘H'?ars and - strike pi!lars in this regar"d. {‘Tassif'ied taﬂings
backﬁl?‘ sign{ficant‘ly 1mpmve~= pitlar stabﬂity and will there~
fmr-e bevital for-deep nﬁnir&g unless the' extract'iort ratio is

decreased. . Results indwate that the hau?ages aré sited at an
adequat‘b depth below the d’lp stabilizing pillars. Hc-de‘nmg of -
energy re‘ieasa rates- indwates ‘that sequential grid mining has °

higher peak valﬂes “than scatteved min1-1ongwa11 miriing. o
Hnwever*, ‘the maxhnum energy’ reIease rates can ‘be. kept te
acceptabTe Tevals for ETandsrand if pmper mining sequences are

fo]]awed. Proper!y p'laced backfﬂ‘l also reduces peak values dto

L accep;.ahle leirels.h >

Eequential grid aining 1mprovas the contreT af fautts ‘and. dykes,
This 1s the biggest rock mechanics advantage of‘ sequential grid

_mining. IﬁitiaI deve‘!apment enables the geologica'i structure ta

o "v« 3



“be deltneated well in advance of “stoping --.oberat'i_ﬂns.  This
- -allows.bracket pillars for": most faults and dykes to be properly

designed and 1mp‘lemented {the dip piilars are usually shifted to

the geological dtscontinmty).  The br-acket pitlars virtually
e'{hmnate the  dangerous practice of wining through faults and

dykes.- ‘Properly -destgned bracket pillars will also greatly

o reduce seismimty assomated mth sTip a10ng faults ana é"kt‘s.

i

o sequentia1' grid' mining witl therefore enab1e the mining of
o Elandsrand's deep, highly fauTted reef ‘to be done more profitab’[y: :

- and mure safe?y. Prnfitabﬂit,v wﬂ} be improved main‘ly because

m‘ning can be - done more. selectiuely ‘and with less offnreefm.
stﬂl,ping and deveIopment._- Safpty wm be zmpraved hecause the__' _
 fadlts and dykes W1l be ‘tontrolled better at acceptable stress

'-"levels and with acceptahie stahi11ty of g!l}ars and hauiages.
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1 INTRODUCTION

Sequential grid mining, a new mining method;'has heen proposed
for mining the deeper areas of Elandsrand Gold Mine. Scattered
- mining is being practiced in the shaliower areas of the mine
 using crosscuts and raises spaced 150 to 180 metres apart, The
final. stages of-{his_miaing'method_are hazardous due to. the
highly stressed remnants which are formed. . Using scattered
minfny in the deeper areas of the mine will result in unaccep-
table stress. levels and energy release rates.

Lcngwall mining' s “normally cansidereﬂ to- be the best
strategy(1) for deep mining. This is due to the following rock
'mechanics reqairements. L S

- _Stresses and energy release Vates must be képt~to acceﬁtab?e )
_Ievels. ' R A

'f-. fhe fbrmation Of femnants muét he'avoided.-

e Stah111zing pilIars and/or b&c* 111 must be used for regionaT.”
' suppnrt.__ ' z

'~ Foliow-behind - hau]ages smust be used tu avu1d the higth
stresses beTow the advancing stop1ng faces. '

Conventiona1 longwall mining wou1d not be feasihle for £landsrand
due to problems with adverse gea1ogica1 structure, ‘erratic
'grades and high production requiréements. The preseace of a
pelativaly large ampunt of fau1tfng would result in a high pro-
portion of off-reef mining. Longwali m1ning also does not allow
~ for selective mining of Tow grade or unpayable areas, THE com-

bined effect would ba to Tower the gverall recovered grade of
the mine to a level which would be unatceptable in the current
- economic environment. Production would also be insufficient due
 to the limited amount of face available from one let of
- Tongwalls. o ' ' a



Scattered - mini-longwall mining has been considered as an.
_altefnative to conventional Toagwall mining. ~ Mining with
scattered mini-longwalls would he move viable since it would
increase face. length. - However, there wouid still be prob1ems
with fau1ts and dykes and the variabms gradns.

E Sequentia] grid. m’ining has’ been' prnpose'd to overcome the'se_'
. deficiencxes. At pr‘esent this method s being 'inp'lemented fop
";.min‘f&g\ tni shaﬂower portion of Elanisrand's subshaft vreef.

This repor ’investigmea the ability of sequential grid mining

to. meet the rock mechanics requirements for mining the deeper -

y _portinn of E1andsrand's subshaft reef (down to 98 level - 2 800
'metres be‘lmu surface). Lompamsons have a1so heen made with -
~ scattered mmdongua?i mining. .

| Tﬁe' .jfoﬁﬂwing | sect?gﬁ'- describes the geological setting of

Elandsrand Gold Mine and gives details of sequential grid mining

as planned for this environment. The advantages from a produc-

© tion parspectwe are presented, but not in detail as this was
the subjeci_: of a previous investiga‘tion. '

. The improved control of faults and. dykes which results from
"sequential grid miniag 1s discussed in Section 3, This it one

o of the ‘major .advantages of this new m1ning methad. ’

 Computer mﬂdeﬂing was done to assess the suitability of sequen.
tial grid mining for meeting the rock mechanics requirements for

~ deep mining. Comparisons were made with scattered mini-Tongwall

- mining where applicable. ﬂ The modeﬂing 1s des::ribed and the
rasults are presented in Sect'ian 4,

Sectwn 5 des-.:mbes scattered mini—‘inngnaﬂ mimng and cumpares
it mth sequeﬂtial grid m1n1ng.\- o S ,{-’

| Sectior 6 gives r'ecorz]wendations for future work which may be
necessar_y to improve the design and impiamentation of sequentia!
gr"!d min'lng in ather areas. :



_ The 'finaTse’ctian“ biiéﬂy "swm;ariies the most 1mportant results

- of this 1nvestzgation and contains the concTusions regarding

th‘ls new mining method.



2 DESCRIPTION OF SEQUENTIAL GRID MINING -
2.1 Geology of Elandsrand Gold Mine

Elafidsrand Gold Mine is located near Carletonville in the Far )
West * Rand mining area (Figure 2.1). At preSent the only
reef mined is the Ventersdﬂrp Contsct Reef, This is a conglo-
merate_reef band with asirike of north 65 degrees east and a
dip of approximately 24 degiees to the south, EBrade is highly
=variab1e{2) with unpay zones typically occupying sand-filted
channels, The reef is qharacter1sed by « reiativeuy Targe

:5amount of faulting with{ thirows Of 1ass thay ten metres, -

- A large proportion of the mia@'s seismicity is, associated with
 these faults and dykes. . -

v The hanginguall 15 Venteradarp Lava wh:en is strong but

: rvariabie in namure. The unﬁaxin1 ‘compregsive. strength (UCS) is -

_approximateiy 300 megapasraiﬁe (MPa).  Flow bedding piahes,
- jaxnts and aTtared 1avas\(£ﬁc1ud1ng pi]ton uavas) arag spme Hof

- the problems experfenced in various areas of the mine. ‘he=m1ne

* has experienced pranems‘31 with rockbursts at relatively low

~energy release rates (ERR's), posgibly due to these tocal

variations in the lava. Other tﬁﬁtr1buting factors are a rela-

".tively Iarge amount- of fTat fauiting which extends nto - the

:3‘1 The fbotwa?i fs a competent quartzite (UES 250 MPa and higher.

 hangtngwal1{4) and the brittle nature of lava, ATI°Nf these
_ factors Tead ta poor hang1ngwa11 wh1cﬁ is susceptible to. damage" .
N hy aeismicity¢ : '

i

"from tests) whith extends Yo a depth of approximately 430 metres

“below reef on the eastern boundary and about 550 metras below .

reef on the weswéin boundary.  This . fs important because
hanlages can be éﬂ ried deep in the footwall with no proh!ems
with sha1es or other incompetent rock strata._ .
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2,2 Layout and Mining Seﬂuence-.'

Sequentia1 grid mining combines the scattered mining concept
with -a system of partial extraction. The partial extraction

| (85 %) reduces the overall stress Tevels while also eliminating
' ho1ing of panels inte- 1%ﬁ=d out areas. Haulages and return gir~
ways are excavated ahead of stnping operations at a depth of 80 o

metres vertically below reef. Crosscuts and raises are deve-
Toped from the haulages at 200 metre intervals. The raises are

~ then ledged and equipped before stoping commences. Dip. stabi-

lizing piliars (30 metres wide) are left between ra1se Tineq
(see propased Tayout in Figure 2.2). :
““-—-«(

Tl i \.r

‘The Sequence 1_of :_mining _.§s important, hence the name
. Wsequential®, . “Grid" refers to the grid of regutarly spaced

crosscuts. and raises. . The overall direction of mining is from
the shaft piltlar outwards, moving from raise ling to raise Tine
out toward the boundaries. The mining, from each raise pruceeds

< first towards the shaft pillar to approach the Final piliar con-

figuratiun at a Tow span (see detail of layout in Figure 2.3).

Then mining proceeds ‘away from the shaft pillar to the stopping .

1ine for the next pi?lar.

Ths.spacing_bétﬂeen raisesfis timited by the maximum effective

- scraping distance, When a fault or dyke is present the dip -
- piller would be shifted to form a bracket pillar on the geologi~
cal feature (Figure 2.4). This pillar would not necessarily be

positioned centrally batween the vaises so the maximum scraping
distance would iwcrease for many panels, It is therefore impor-
tant to keep ths>?a*se-5pacing sma11 to allow for this flexibi-

_11ty with regard ta the position of the pillar. However, there
are also advantages which would resuit frnm increasing the rajse

spacing (1ess develppment, 1avger pillars). The 200 metre raise
spacing was cngen as a reasonable compromise,



Tine for. the next pi]?ar. '“.\.

2.2 Layout and Mining Sequence ”

-*éQuéntia#-grid mining combines the Scattered mining concept
with a system of partial extraction. The partial extraction
(85 %} reduces the averall stress Tevels while also’ ‘eliminating .
holing of panels inko mined out areas. Haulages and return aire -

ways: are excavated ahead of stnp1ng operations at a depth of 20

- metres vertically below reef. Crosscuts and raises are deve-
Toped- from the haulages at 200 metra 1ntarvais. The raises are

then Iedged and equipped before stoping commences. Dip stabi-
Yizing pillars (30 metres wide) are Teft - between ratse 11nes
(*ﬁe prnpused Iaynut in Figurb 2.2). : '

 Thé Shquence of mﬁning s imporfant hence the name

““sequentiai" "ﬁrid" refers to the grid of regularly spaced .
¢rosscuts and 1aises‘_ The overa11 direction of mining is from )
':the stiaft. pil!ar dutwards, moving from raise 1ine to raise tine /

out toward the boundaries. The mining from each raise proceeq;

first—towards the shaft pillar ty approach the final pillar corl-

f1guration at a low spdn (seg. detail 01 !avnut in Figure 2, 3§
Then mining paoceads away fré& the shaft p111ar 113 the stapping

>

..m ThL spacing betwben raises is lim;ted by the maximum effective |
- _'seraping . distance. When a fau1t or dyke 15 p“esent the dip -
pillar would be shifted to farm ¢ bracket pitiar on the geologi~

cal feature (Figure 2,4). This pillar would not necessarily be

- positioned centrally between the raises so the maximum scraping

distance wou?& 1ncreasé for many panels. It is therefore impor-

tant to keap the raise Spacing small to allow for this flexibie
-~ Tity uith regard to the. pas1t|an of the piilar. However, there

are alse advantages which. wuuid—rvsu}t from increasing the raise

-spac1ng (!ess deveTonment, Iarger pilIars). The 200 metre raise
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2.3

Design Proe:és.*; :

" The fuﬂomng 4s tha design process which leads to the detailed

. Short-term mining plan for a specif'ic grea of the mine. . The
- emphiasis - {s p1aced Tass on maximizing the area1 emtractwn

-

‘rate and more on maximizing the gold extracted proFitably from
_each ar-ea of the mme. - : :

Freiiminary Design ": The - pv‘ehmmary -!é‘sfgn 1ncorpurates :

- dip. s‘fﬁhﬂizing mﬂars at the stand&rﬁ width and spacing.
. Bracket pi‘iars on major geolcgicaT discant*nuities -are

.f‘-inc1uded, with the dip pﬂ‘Iars adjusted accordingly. {!esigns |
s . are baSed on practxcaI conmderations and. rough pules of -
" thumb¥ only, Computer rnadenmg would be pointless at this . -

L stage due to ‘the r:I,arxau:cwat:y of. the. ged’lngica‘l information.

This desigrc is aufﬁcient for Tong-tem planning of two years

Cor mnre. : 'nﬂgc,, m;mrtant aspects are extract'lon rates and

= deve%@pment Ta,youts so that deve?opment can be p?anned___
'suitabw. Y

R

Final Design" " "once the geologicel® information concerning
structura and grade’ has - been ~ confirmed  (by deilling

| nper-ations plus mapping and. samphng of the raises) the

E process -of. detarmining a final -design - cmlmenpes. It is
important that personnel from rock mechanics, geology, ven- |
tﬂaﬁau, s;;rvey and especially productmn are involved in

_ mining in these areas should only be done if required for
. -_overstnpmg of footwall davelopment or if it 4an be justified

this design pracass. Unpay areas are first identified since

to reach a pa,yahle area of reef. Then br'ackﬁt pillars along

- faults and dykes ar-ecp'lanned as necessary. Finally, dip sta-
- hﬂiz‘ing pillars are placed between raises where no unpay or
bracket pmars are p'lanned. Hhe'_r'e_PassibTe these piltars -

~ are shifted to ow grade areas, Agreement is then reached on
- the mining sequence to be used betwsy the pillars.

oy
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This mining sequence and pillar layout are then checked via
- rock mechanics computer modelling, Any major adjustments to
the design are again discussed with +he relevant personnel
frnm other departments._ '

The'de§i$1on on whethey_pr not to use backfill in particular
areas should be more strongly influenced by sconomic factors.
For example, in low grade areas it may be more profitable to
‘leave large pillars so that the areas in between can be mined
: at 1nw'stress Tevels, If stress 1e0e15'are.1qw mining should
be possible with lower support costs (e.g. no backfill or
fiydraulic props instead of packs) and higher productivity due
to the imnraved conditions. In high grade areas an invest~
ment in more expensive backfill m1ght yield an attractive
. raturn if piTIar requirements are reduced, If backfili must
be used in. an area due ta poor grnund conditions then the
. cubwoff grade f5> determ1n1ng unpay areas must be increased
prupnrtion&t&]y.. §% _ ' '

_r 4

~'7Changes to Basigns Any sigﬁ _ cant changes to mining sequen~

ces - or pillar  layouts are ~checked again - via computer
mbdeﬂ1*ng. " Thess changes must be minimized due to the
 Tengthy procedure involved. Unauthorized changes, especially
mining beyond pillar 1imits, wmust be strongly discouraged,
'EThis -is  extremely important as disciplined mining is
necessary. to achieve the aims of improving profitabiIity
while ensuring safe working conditiuns. - When changes are

T necessary the- procedure for arr1v1ng at a final design is :

-_repeated. :

A

2.4 V-Ptnduqtibﬁm&dVantages o

'Anlwnvéstibatidnfsi'ihta'thé production aspects of sequential

grid mining has aiready been completed for Elandsrand Bold Mine.

- The following advahtages summarfze the most impovtant results of
this investigatiun. g - _ _



Less Off-reef DeveIﬁpment ! Sequenfial' grid mining greatly
réduces off-veef development vequirements by eliminating

- follow-behind development and reducing the umber of boxho-
~les. The actual planning layout for the deepest portion of

Elandsrand*s subshaft reef ifidicates that there will ke 28,7

~ stoping square metres for every metre of off-reef develop-
- ment. This ratio includes all off-réef development outside

of the shaft pillar. The ratio for scattered mini-longwall
mining of the same area would be only 16,9 square metres per

. metre while the typical ratio for conventional mini= 1ongwali

mining 15 20 to 24 square metres per metre. ;

5 Improved SeiectiV1ty and F1exibi!ity Sequentxa1 grid mlning

allows. moreg sélactivify and flexibility with regard ‘to
pIanning and. mining. Grade. trends can be accurately deter-
mined’ in advance, therefare Planning can be hdjusted to

_ ensuﬁp that the mine reﬁains prafitable (e.g. mine more hMgh
: grade areas 1 necessary, leave unpay areas as pillars,.-
" In ofie particular area of the mine the pillars “were changed
- from straight dip pillars to- 1arger, s1ightly diagonal
- pillars incorporating unpay areas. The revised plan(8)

resulted in an increase in the in-situ grade of the area

 planned to be mined of over two grams per ton. It aiso.
~ resulted in 1ower sfress Teveis and sign1f1cant1y lowerﬁgro-*
~ duction costs._

X

' Backfill can  be 1mplemented seiectively based on .stress
Yevels, expected 991sm1c1ty, regional support requirements,_,
omactual undergrnund conditions. If the effectiveness of
" backfill for reyional support is proven (and if it s eco-
' numica1ly justifiah?e) the dip piilars could read11y “ha
":'reduced in size or repIaced by hackf1lt (mure 11kely-_ S
'cemented hackf111). |

e L

- Less Offsreaf Stoping Sequentia1 grid mining m1n1mizes uff-

reef stoping since most faults and dykes are teft intact with
bracket p1!1ar54 . The geed to do waste mining to dverstope

i+



" shallow footwall development 1s also virtually eliminated.

"< More Face Length : Sequentral grid mihing. allows a greater

- Tength of face to be r_n'ined simu]tanen.us_]y. Spare face length
can also be kept available to deal with unexpected problems
such as drops in grade, fires and major rockbui‘ﬁ;l_st « damage.

4

i]\,_:. .

i
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3 IMPROVED CONTROL OF FAULTS AHD OYKES WITH ssuuamm. GRLD
MINING

One uf the most dangerbus aspects of deep 1evel gold mining is
'ﬁining thraugh or near major geological diSCrntinuities.' This
mining can induce .arge magnitude seismic events assoctated with
shear slip along the plane of the fault or. dyke. . Sequential
grid mining greatly improves safety_by virtually eliminating the

need to mine through faults and dykes and by enabling the mining

in the vicinity of the geological discontinuity to be done in
the correct configuration. = The ¢lamping effect of properly
~ designed bracket pillars wil) reduce the seism-city associated
‘with shoar s1ip along faults and dykes and contribute sign1fi- -
' fcant1y uowarﬁ 1mpraved safety. .
NS ST S
E 3.'; | Bracket Fﬂlars .
Ly
Seqﬂgntial grid nﬁning a1lows most’ faults and dykes to be Teft
'1ntact with bracket pittars {skrips of unmined reef  left on
either sidy of the discontinuity)., This is accomplished by

o ,sﬁifting the dip stahiiizing pillars to incorpurate faults and_

- dykes, < On E1and§rand this change 1s usually relatively easy to

. implement since the strik. of most Faults and dykes rure close
. to the dip direction of thé raef (the dip of the Ventersdorp

. Contack Reéf'én Elandsrand is'rough1y north %o south whiits the

~ predominant trend of faults and dykes is north-northeast to
éouth-southwést).  The design of these bracket pillars is

feasible. since the position dnd ordentation of * geological
di&cont1nuitias is well dafined during 1nit1a1 deveIopment, long
hafare stoping commences, Implementation of the bracket pillars
s r&1ativer eaay since the Fault ar dyke can be approached

~ from huth sides. * Another ma;u¢ advantage of Teaving bracket

. pillars. _is thgt {t. minimizes the need for the extremely

‘dangerous operation of mining through or near a fault or dyke.

. o ’ - . i B o
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_ 3.2- ﬁ rApprdach to Faults'aﬁd Dykes

The need to avmd mimng numerous pane!s cmta or Lhrough a fault

~or dyke at the same time(” 1§ how an accepted basic principle A

of deep»’leve] gnh:l mining 1n Snuth Africa. The prablem s a

“sudden -Jarge increase in ESS along the plane of weakness as the

panels ap; ‘dach simultaneous’!y. Hming one panel at a time up

to the discont{nuity results in small increases in ESS and_-__" -
- should therefore Tead to smaﬂer‘,_ less dangerqus seismic events,

| Séquéritia’l grid mining allows this to be accomplished without

adversely affecting production. The advance development deter-

I mines the urmnt@tion of the geo'!ogical discantmuity before

'_ stcpmg commences. — The desired mining configuration (werhand.

ar under*hand) s determined, then implemented by adjusting the
order in which the panels are started from each raise. For

~© example, east mining Ffrom. a raise could be done n a8 overhand.

- configuration to favourably approach a fault tremding from

northeast, to southwest, West minifng from the same raise could

J: - _be. done in an underhand cunﬁguration to. apprnach aufauh: with a
_"__simﬂar orientaticn in the correct manner {Figure 3.1). The
‘mining’ cunfiguration would normally be overhand to aveid the.

~inherent problems assocfated with having an ‘unmined area below

__ the bottom quily {i.e. the- gu'll,y has to be mined with a heading |
o with a portion of  ladging: on- phe downdip: side). Toe Gone-
' --'figuratwn can be changed to underhand whan it is necessary due

to the presence of a fault ur dykt-: with an adverse ahentation )

B when mining helnw a mined out area.

/}

o
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4 COMPUTER MODELLING TO INVESTIGATE THE SUITRBILITY oF
SEQUENTIAL GRID MININB

Computer model1ing using Minsim-D (Phase I1I) was done to assess
several rock mechanics aspects of sequential grid mining,
Compar1sons were made with scattered m1n1-10ngwa11 m1ning where
appI1cab1e.

The objectives of stabilizing piTlars  anq controlied mining
| sequences are to reduce face-istressés (and therefore energy
release rates) and to effectivaly clamp geological discon-
tinuities, Reduced face stresses result in Tess seismicity
and stress fracturing and therefore better mininy conditions and
- improved safety. Proper clamping of faults and dykes should

- significantly reduce the amount of seismicity resu'lting from

~ shear-g1ip along these features. These objectives will not be
) rea1jzed_un1ess the pillars themselves are properly designed and
therefore stable. . Experience to date has been mainly with
strike stabilizing pillars and Yongwall mining. This" expertence
" dows, however, help with the design of dip stabilizing pillars.

Average pillar stresses and the Hoek and Brown failure criterion
were modelled to investigate the stability of phe 30 metre wide
~ dip pillars and the 35 metre wide. strike pillars. Different

pillar sizes were used because the actual layouts were compared
- and the extraction ratio was kept constant at 85 . The extrac-
tion ratio of 85 %(7) has been used for pillar designs on
:Hestern Deep Leveﬁgjand ETandsrand Gold Mines and was based on
average ﬁi}lar_stress and . enerny releass. rate reduction con-
~ siderations. The results of these pillar designs have generally
- been favourable,cbut this extraction ratic will probably have to
_ decreasa for uTtra-deep mining unless hackf111 pruves success-
.fu1. '

The siting of the hautages for sequential grid mining was
checked by modelling off~reef maximum principal stresses. The
energy release rates (ERR's) for sequential grid mining and



scattered m1ni-10ngwa11 mining were modelled for comparative
purposes. X '

’ I _ _ _
Excess shear stress (ESS) was not modelled as part of this

- investiggtion. The £SS criterion is used to attempt to quantify

the potgntial for a seismic event with a shear-slip mechanism.

~ This type of seismic event can occur in solid, previously

unfracﬁured ground,’ However, the ESS criterion 1s normally only °

._'used ﬁa assess the potential for slip along a pre-existing major
'gea!qgical discontinuity. = Minor geolagical d1scont1nu1ties are

aisqfa53essed if they have a history of seismic activity, wh1ch_
is pften the case at Elandsrand. Each geological disgontinuity

_iSyun1que in terms of its strike, dip, thickness,“ihrow and

g51tion relative to mining operations, It would be extremely
difficult to do computer modelling on a representative range of

:pnssib1e conf1guratrons. Thrﬁ"has therefure not been attempted. :

At modeITing Was. done with ten metre 1eaﬂs hetween panels. The_

' “_f0119w1ng var1ations were mﬁde1led.

1:;;equential grid mfnfng using an overhand con?iguratinn, -
.;first without backfi1l -and then with classified tailfngS'

. backfi1l. Several steps were modeiTed since the stress '

levels. charge as. tha final. pi??ar configurations are ”
_'apprnached. - o

.

- ﬂs_3bag¢'but_wfth;anuuﬁderhanﬂ_canfigurgtiah.'

< Scattered gini-longwall mining using an overhand con-

figuration, First. without backfi!l and than with classified
tailings hankfill. ST SO

- As_ahuve hut nith an underhand canfigufation. .

- 'Hurst case modelling of sequentia1 grid mining and scattered |

min1-1onguail miring with mining of the entire coarse window
compiete except for pillars, first without backfill and then



L]

- kT ™

W
il

~ with classified tailings backfill.

Computer mode:!ing was done with a five meire fine window h?ack_-
. size. A Full list of input variables is given in Appendix A. -
The configurations model]ed were kgpt simple and concaptual.
~ The detailed face modelling was done for stoping between 95
Tevel (2 70L metres below surface) and 98 Tevél (2 800 metres .

below surface). The entire coarse window above 95 Tevel was
modelled as mined out except for the relevant pillar con-

Ffiguration, as was the area east of the current stop1ng (Figure L

4,1}, Worst case qi]1ar_stabi!ity_was_madel]ed with the pillar
at 98 level elevation in the centre of the coarse window with

 the entire coarse window wined out except for the relevant

piI!ar conf1guration (Figure 4.2).

: The backfi]] modeliing was done using 51ng1e step modelling with

£111 width equal to the stoping width. Step by step modelling(8
would give a more mccurgte assessment of fill performance, but

- this tevel of accuracy is not required for the purpnses of this |
report. Ustng £i11 width equal to the stoping width slightly_. _
over-gstimatas the benefit of backfill. However, this assump»_-.t

~ tion is justifidd by twp factors. First, shrinkage {resu‘ting.

~in a gép between the backfil1 and the hangingwall) has only been

 noted in rare instances on Elandsrand Gold Mina due to the rela~
. tively steep dip (24 degrees),  the good backfill material
 guaiity and good placement techniques. ~ Second, convergence -
“prior to Filling will be minimal near the raise for sequestial
';; grid'min1ng.. This" backfi%i Wit ultimately have higher stress

" regenbration than the ‘backfill placed near the piliars, there-
. fore it wiTi,cuntribute“most of the regionai support benefit.

. This is nat_thezcase,for-sc&ttered_mjniplangwalls, but thg.éame-

assumption regarding backfill placement height was made in order

o be consistent, Therefore the benefit of backfill will be

”'overestimated more for the strike pilIars than for the dip

pw??ars. |
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The Jackfi11 was modelled as being placed ten metres behind each

: active face and up to the edge of each pillar. This is being
accomplished with d1p pi]Tars on Eiandsrand but woqu be dwf-
Ficult w1th strike pil!ars. - o

The hackfiIi characteristi;s uSed‘were an ‘a' value of 11,12 MPa
(this 1s the stress generated at a closure of 50 % of the ulti-
- mate compressive strain of the fill material) and a ‘b' value
_ of 0,40 (this-is the ultimate compressive strain of the f111
- material). A hyperbclic stress~strain curve was assumed. The
_resu?ts of the computer model?ing investfgation are summar1zed in
Section 4.4, ;' |

) 4.1 Stahii%ty of Dip Pillars Versus Strike Piilars g

Pillars which are para11e1 to the dip of the reeffg) should be
“more stable than strike pillars, provided all gther factors are
L 7equa1.a This is due to dip pi]lars hefng orfented in the same
o direction as the majar ride component resu]ting frum the downdip
shear stresc. 3long the plane of the reef, This shear stress can _
be calculated by resnlvzng the major pr:nc1pa1 stress, which is
vertical, nto normal afid shear stress components. The computer -
" modeliing of the Hoek and Brown failure criterion does not sk
“any significant difference between the dip and strike piliars,
_probably because the dip pillars modelled were 30 metres wide
~ ‘while the strike pillars were 35 metres in width. Another
- problem with strike stabilizing p111arsC10Y which “has been
. encountered in practite at Hestern -Deap Leve!s Gcﬂd Mine is -
"-f:the adverse effect of Faults ar- dykes ingersecting the pxllars.
- These -intersections have been # focal pbint for seismic acti-
 wity,  The dip pitlars will, for the most part, avoid this
problem since they will be shifted to. tha discontinuity and
-'designed tn c?amp it in a stabTe manner.;

Y

%,
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The two criteria modelled to investigate pillar stability were
the average pillar stress and the Hoek and Brown failure crite-

“ rioh,  The stability of bracket pillars. for clamping fauits and
" dykes has not been addressed as each pillar will be unique. The

destgn of bracket pillars will be difficult but will utilize the
above criteria plus the excess shear stress criterion. |

41,1 Préqnted Average Pillar Stresses

‘For a systematic pillar configuration’ without backfill the
average pi'l'far stress is a function of the virgin stress (nor-ma’l

to reef) and the extraction ratio only. - There would theaefore

- be no difference between dip ‘and strike stabilizing pillars at
“-the ‘same depth and. extraction ratio. However, since dip stabi-
-~ Mzing pillars are oriented in the direction of the overall ride

and are loaded more evenly than strile pi!lars they should be

stable at & higher averagg pﬂlar shress, |

:._The maximum degigu 1evelf11) for average pitlar stress 1s ¢,5i_'
'times the UCS of the host rock, Since guartzite CLICS on

o E'lam;lsrand of 250 MPa) is the weakest host -rock the makimm
- ,acceptah]e q‘vgrage pi’t'lar stress far Elandsrand Gold Mine is
625 MPa, A% gn (extraction ratio of §5 %, dip of 24 degrees and
-_k-racioﬂof J,S this would only be reachea‘ at a depth of appruxi-
mosely X550 metres. A% 98 level elevation (2 800 metres below

_ Dand ETa.ndsraud's reef char‘actemstit: the theoretical .'
- maximdm average pii!ar stress is 454 MPa. we11 with1n the. maxi~ |
- mum ﬂesfgn Ievei. . - -

H .

'“.Cumputer mnde'mng indicated that the maximun average pﬂlar
- stress that can be expected while stoping is in pragress in the
'wit’f of the pillar-is betwear 325, and 383 WPa for sequential =
7 grid mining {Figures 4,3 and\\#.dl anti bikween 395 and 404 MPa
© far seattered mini-longwalls (¥ fqure 4.5). h\rst case’ mqpe?hngx o

with the entire coarse window mim‘: out with SystematicHillars

~ inereased the average pillar str_ﬁs to 458 MPa Tor sequential
- gria mining and 496 MPa for scattered mini-longwalls. Backfil)
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reduced these values by 7,5 to 20 %. A1l of these average

pillar steess levels would be acceptable even if the more con-

- servative estimate of the UCS of the footwa11 quartz1te of
200 MPa was used. : '

4.1.2 Resu]ts From Modelling of the Hoek and Bruwn Failure
Criterion '

The mGdETling of the Hoek and Brown failure criterion was  done
- with the benchmark variabla 'HBVE'. This assumes a very -good
quality rockmass(12) with an 'mn' value of 7,5, an 's' value of
0,1 and a UCS of 200 MPa. The results indicate zones where
faiture, either tensile or compress ve, would be expected due to -

- ‘the stress cand1t1ons calculated. For this report the 1nterpre-

tatton{13) is that a Targe failed zone in the footwall on either
sid of-the pillar indicates that shear~s]1p is Tikely to occur
a1ong the pillar edge. If the failed zones beneath the pitlar
edges connect in the footwall then a wedge-type failure of the
1'p1313rufnundation(13) due to the pillar punching downwards is-

Tikely to occur. This s not theoretically correct since it is

- -uging elastic wodsliing to predict inelastic failure modes.

© poses of this paper.

'_ However, it shnu1d be acceptable for the rotgh comparat1va pur~-
N |

 Results - __ for thei strike stabilizing pillar between 95 and 98

Tevels indicate that the foundation will be completely Failed
within 120 metres of the face G backfill is not used
(Figure 4.6)., Similar resulis were obtained for this pillar at
70 metres from the face with an overhand configuration. The
'T_resu1ts of the mode11ing with classified tailings hackf11] indi- |

cate a significant improvement, though there i§ still a large

- failed zone in the footwall on the downdip szde of the pillar

?"(Figure 4,7}, Wordt case modelling (entire coarse window mined
put except fgr pi11arsl of the pillar betwesn 98 and 100 levels
yialded similar vesults for the modelling with backfiil.

T
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_Therefore the 35 metre strike p111ars can be ﬁupected to fa117_
 via a.oillar punching mechanism relatively close to the face if .
 backfill is not used. Backfi1t reduces the pctent1a1 failure to

. {3_: . shear-s1ip along a single plane below the downdip side of the

: ' - pillar, even in the ?ong-term worst tase. This 1s_due_to the
LI " asymmetry of the failed area below the pilfar. Mining in an -
,overhand confzgurat1on below a mined out area. results in thE'

Py -
_&”5 - stope face, therqhv increasing the risk that seismicity assos
o .-ciated with- piltar Foundation failure could adverse!y affect”
” stnping operations.- ' - S

N ' :PotentiaT foyndation failure problems occurring c?oser to the L

i,

. The modeliing for the 1ﬂ metre Hlﬂe dip stab1iizinq p‘llars was

first done with an underhand minfng configuratinn. The Tast

. mining up to the fina?l pillar configuration would therefofe be

dore by tha bottum pane1.f The sectian for the failure criterion
 was taken through the ﬁ%liar approximately 100 metres above

. this jbottom panel (the 1ncation of the section is shown i

Figure 4 3).  This would be the highest stressed portion of the

piltar close enaugh. to affect the bottom pana;. Results of the v’
modelling without backfill 1ndicate that the foundation of ‘the E

piIlar would be completaly f&ilaﬁ in this area (Figure 4, 8.

N _:'  “The addition of backfi11 reducas the failed zones to reiative?y_:_-"

: sma]l, evan lobes on either sida of the pillar (Figire 4.9).
This 1nd1catas that piilar foundatian fatture will not affect -
u”stuping operations if backfill and an underhand face cofi-
- figuration are utiiized. L K

The results 'of the ‘modelling with an overhand .configuration
below the mined out area indicate:%hat foundation failure will
occur while stoping i5 in progress even if backfitl is utilized
 (Figure 4.10). The last mizing up ta the final pillar con~
E " figuration would be done by tha to pana! thereforg‘the section
was taken at this position (the 10?%1 on of the section is shown
in Figure 4.4), 1f there was no mined out ares above the top
pana1 the rasuits would have been similar to those for the
undérhand cunfigurat1on. Tais iTlustrates the importance of the
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overall mining sequence in avoiding situatia_ns whére pillar
foundation failure can adversely affect stoping operations.

Worst case modelling (entire coarse window mined out except for

pillars) for g dip pillar at 98 IeveT":‘i;eievaticn indicates that
foundation failure via pillar punching wiHl eventually ocour -

‘even if classified tailings backfill s utilized, Tha location -
~and support of the underiying haulages must therefore be

designed to cater for semmic actwity associated w'H:h pﬂ]ar

. foundation fai 'iure.

4,2 Sit"ing of Fobtri&li Deve!bpment- Benéaf_h- Pip 'Piﬂars' |

" Thes hau‘lages for the partion of the ming which wﬂl use sequen-
O tial grid mining are planned to be a minimon of 80 metres below -

reef, - This decision was based on pre‘t iminary modelling of maxi~

 um principa! stress  below the dip stabﬂizing piTlars, The

maximum acceptaMe strass Ieve‘l far the design was 120 MPa.

.. This was based on previous experience on E‘iandsrand Gold Mine
~ which indicated that normal '“meshing and Iacing keeps the haulage
in good condition throughout its Tifespan, even at 120 MPa,
“Wobst case compw:er modeﬂ'i‘ng of the maximum principai stress
._:bekm a dip- stahilizing pi‘lm‘ (F1gu\~e 4. 11} cbnf'imed this
o hauhge ﬂositiuni‘hg. - v : : '

L Designing stﬂctly based on maximum princi:ﬂe stress levels is
" dangerous because it only deals with the static stress sitaation.
-_"__-_Hith stabmzing pitlars major seismic events due to pillar

'foundatinn fatlure can gecur.  This results tn the haulage being
subjacted to dynamic stresses {i.e. possible ruckhur'st condi-
tions) which cqutd result in major damge which might include
fontwall hesve,  This would obviously be unsafe and would
- seriously . dwsrupt “tramning operatiuns. 'Assessment of the.
. possible effects of pilfar foundation failure on a haulage 80
~metres in the footwall will be difficult and has not been

addressed in this report. However, until this potential problem
area is better undérstood additioral support (long anchors and
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post-gunite, also possibly yielding anchors) should be installed
in suspect areas under stabilizing piliars. This will be par-
ticularty 1mportant under bracket pﬂlars due to the potent1a‘l

for failure along the fauuz o i;ke. .

-'4.3 _ CMparison of the énerg_v Release Rates for Sequentm‘i

3

T arld Mining Versus Scattered Mini -angwan Minmg

The energy release rate {ERR) criterion has Tost some credibi-
lity as an abso'lute measure of the acceptabﬂit_y of a wine
destgn. However, it 1s stil) generally accepted as an effective
criterion: for comparing designs, pav'ticu'lar'ly if they are for-

the Same area.

The ERR's for sequential grid mining with underhand and overhand

| 'confwgqrations are shown in Figures 4.12 and 4.13, respectively.
~ The ERR's for scattered mini~longwall mining with. bﬁth con-

figwations a. e shown 1n Fi gure 4, 14,
_ 5N

_ _-The reIatWe‘ly ponr resu'lts for. saquentia‘l grid mming 1n an :
: {'overhand canfiguratian behm a mined&ut area emphasize the need
_ '_to avoid this un?ess propeﬂy placed b‘&gkfﬂ'l 1§ used. Backfi11
© reduces the peak SRR for this. adverse cﬁufiguration Ao 34 mega-
' th‘les per square matra (MJ!ma). . Histnrma.ﬂy 6} Elandsrand the o

o mak dmun acceptable ERR for any given panel. has been 30 MJImZ |

- based Yon a study of accident, rates versus ERR's(3) (using a ten
~ metre fine window block size).- Modelling with a five metre
* black size shoulﬂ result, s ightﬂy higher ERF'S, though ‘thig
 was not checked as pnrt of this rapart. Areas using classified '
, tailings backfi1l imstalled close to the face should als¢ ba

able to safely tc’lerate dligher ERa‘s due to the ‘Serata cantrql-

‘]jbenefits of backfill. Therﬁ?ere hackfil1 has a: dual effect- y

It reduces the over an swess }Ie\ge’ls and thus J:he Tikelihood o
of seismic actiwt,y. -
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o= It improves cunditzons S0 that if a se1sm1c event oceurs .

there is Tess chance of damage.

The nveraT]'avgrage energy3re1ease.fates'for aIT-af-the-mining

~ configurations were the same.. ~ For each configuration the
" average was 16 MJ/m? without backfill and 13 M3/m® with back-

fi11. This sfmilﬁrity‘wouid be expected since all of the mihihg
is done at the same depth, extraction ratio and appnox1mateiy

© . the same back Iength between pillars,  The big difference bet-
- ween the Iayouts is the spread of individual panel values around

these averages. Overhand sequential grid mining had the Targest

. vartance while underhand scattered minf«inngwai! mining had the
_ﬁa'ﬁmat1est.” One benefit of thrs targe’ variance for sequential o
~ grid mining is that a relatively 1arge portian of the mining' '

wi11 be done at very 1ow ERR'# :

One'majqf_drawback'of the anergy ra1ease.rate'bfiteriohfis_thaﬁﬂ

© it does not consider the effeft of faults or dykes. Momitoring
- on Elandsrand indicates that. a stgnificant portion of the total
- sefsmic activity 15 associated with movement atong faults or

dykes, oftsn at Tow ERR Teveis. 3%15 helps to highTight the

'point that  the. resu?fs of the energy re1ease rate criterion,
- though useful, are ndt ‘atways va11d. - For instance . it . cannot

demohstrate the tremﬂndous reduction i sefsmicity wh1mh w111_

Cresult from: affpctive c]aﬂﬁing of faults and dykes. with -
‘bracket pillars. - The matf .8fulness of ERR modelling is for

ruugh: cnmparisons__:af 1aybhts which disregard geofagicaT o
discontingities, : S S

: 35l

W '"'SUmmary of tamhuter’ﬁédeﬂ!ihg Resutts

The aVerage‘piTIar'stréss-fur all of the piliars modelled was
less than the curréntly accepted maximum design leveis., There-
fora, according to this eriterion, pillar smahziity will not be
a prub!em, éven without ‘backfill,  This 45 contradicted by the

resulis of the Hoek and Brown failure cr1teriun. .

&
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The results of ‘the computer modelling of the Hoek “and Brown
failure criterion indicate that there is no 51gn1f1cant dife
ference in stabiixty between the strike and dip pitlars. When

mining without backfi1l was modelled tﬁe results indicate that
pillar foundation'faiiuke'Ean'bé'exbééted for both piTlar orien~
- tations, It also- appears ‘that this failure could occur at a

re1ative1y ear1y stage when stuping 1s st111 in progress near

| the piilar.- 61a551F1ed tailings backf111 as modeTled. y:gn1f1~
cantly 1mproves pillar foundation stahility, Failure 6nes are'

reduced and it appears that foundation fai]ure wi]T a"least e

de1ayed until stnping in the v1c1n1ty is comp?ete, pravided that

acceptable ?ace configurations are maintained.-

- 'rh;e_ planned depth of hauiages'of 80 metres he'law're?-f is suf-
*-;ficient* However, the effett of any large seismic events assos
- clated with pillar foundation fai?ure will have tu be montt ored.

'dna"af  the - disadvantages of ZSQqUentiaT ‘grid mining ‘when
campared ‘with scatterad mini-langwall mining 1is that higher

- energy release rates (ERR‘s) are encountered dur:ng certain

'?’, .

mﬁning steps. Perhaps surprisingTy, the high ERR's are not
@nanuntered as mining approaches the final pil!ar configuration
prbvided that mining is first done from the ratse back to the

Final pi]lar wosition, then frum the raise forward. to the mining

Timit fur the next pittar. The highest ERR occurs in the paneI-

mining immediate?y betow the mined out area above 95 level
{Figures 4,12 and 4. 13). This problem 1s made consideranly worse
,ﬁhen this top paﬁel is mined last due to an gverhand conflqura-

 tion, The scattered mini-TongwaTI Tayouk  does not hava these

probiems due to the strike stabiiizing pillar between 95 and 98
Tavels (Figure 4,14}, The use of ‘classified tailings backfill

PFdUCQS ERR's in even the overhand SequentiaT grid mining con- '
fiquration to- what are considered to be- acceptab}e 1evels for

£1andsrand, Fraper ptanning and execution of mining $equences

tan alsy keep. ERR's to acceptable. tevels, aven without backfill,
. The use nf proper?y placed classified tai!ings backfi11 w111,

howeveny allow a great deal mure f!exibility uith mining

g



'sequen:':es'."' ' "Therefofé,' while séaﬁtered mini-longwslls as

mnde‘lled resutt in lower peak ERR's, sequent1a1 gmd rrunmg can '-

oo

- be done at ages: .tatﬂe 1eve'is of ERR.

*

' 'Sequentiaﬂ grid : m'ining the‘refore' meets th'e fack méchanics

- requirgments for deep 1eve‘f minmg. The ma;or concern is pillar,

~ foundation fai'lurn At 98 level elevation ¢l assified tailings

backf111 ‘and a correct stoping. configuration are required fo

) avoid-- pillar foundation failure while stoping is in progress in
 the vicinity of the pﬂlar. Pﬂ?m:; fnundatiun faifure winl be

virtually udavoidable in the 1cng~ter‘m ﬁter stnpmg is compTete‘-

This could affect the haulages, but their depth in the footwall

 should be sufficient to dampen the effect of any major seismi-
- ¢ity, - The other concern is that energy releass rates cétﬂd atso

reach excessive devels. if mining is dong wjth poor face con=

figuratinns. “This can be prevented by disciplined mining mth '

F:classified taxlings backfi?l.f

’I.‘:

The maximum acceptab‘le 1eve1s f‘ox- eat:h design cr1ter’|a need to
be wmore c1early defined becausa gach ‘customized pillap design

-~ Wil have fo. be checked to ensure that the p'mars will have
acceptab]elstabiﬁty, the overall. :m-reef stresses are ar:cup-.

- table, - excess shear 5‘&1“&5{5 1s ot a pmb?em along” fauu:s ar

“'_dyka_s__. and “tevelopment is. swtuatad in an acceptable stress

‘gnvironment, These maximum Tevels: shomd bes -adjusted periodi-
- cally based on back analysis of _resuj_i_:s__ from pravious mining.
Ditferent maximum Yevels for design criteria could be used for

© mining with classified tailings backfill and with cemented back~ |
Fi11. In particular the maximum acceptable 1e-wj|s for energy

‘relgase rate;) .4Nd  excess .shear stresses, cuuw be higher when
.. backfill is used due to -the strata cuntf*m beneﬁts. . Good

quahty c!assifitd tai'lings backfﬂ'l ins taned close to the Face ;
wﬂ] reduce the pveran stress levels and therefare seismiczty, -

hut it will also reduce the damage due o svﬁsmtc activity.
'ﬂserefura it shou!d he pnssime to maintain safe: ..onditwns gven
-I’F pmar-s are reduced and more seismcity ‘oecurs,  -Cemented

backfoﬂ} wnu}d be expected to hnve aven more benefit regarding“

-

strata cantrul. o

: .._._.-.ﬁ.,—_-._.



5 COMPARISON OF SEQUEHTI&L GRID HIHIHG T0_SCATTERED NINI-
. LONGRALL MINING - '

Scattered mini-}oﬁgv)ﬁﬂ'mining (see proposed layout in Figure

5.1) has been considered as an alternative to conventiomal |

Tongwall mining for Elandsrand BoTld Mine. - The term
-“mianﬂongwa1T“. is used to 1nd1cate that “each 1ongwalz
divicyd into SEctians of six paneis each, with the seﬁtions

separated by strike stabilizing pillars. “Scattered” refers to

the estah11shment of a number of 10ngwa1is to mine distinet
areas separated by major Faults or dykes. These major geologi-

cal discontinuities are Ieft 1ntact and stahflized thh bracket :

pi??ars.

oo

Scattered mini- Tongwall mining would be preferable to conven- .
. tignal longwall mﬂning for Elandsrand. However,'SEquentiaI'grid_;

j'mining is the best option s1nce it will result in improved pro-
- Fitability and safety. - The fn?iowlng comparisuns between scat-

__ tered minie 1ongwa11 min1ng and sequential gr1d minﬁng confirm
. this statement.

5.--1_' Prddu_ﬁ‘_;ibh- Aspetts .

- ~ Off-resf Déveldpment_Reqﬁiréﬂents':38§étteréd_nﬁﬁi-longﬂ&ff

mfhing_wbuTﬂ.require'significant1y'mnre'aff-reef development
{sen Section 2.4 for details). . This would result in much
 higher mining costs(s) over the remaining Iife of the mine.

. P

- Recavered Grade Scattered mini-iongwail mining would result

in more dmﬁution and more mining of low grade areas, The

dilution is due to Lhe need to mine ‘through faults and dykes
and to tne Targe amount of waste wining required to overstope

- shallow feotwali ‘development, ' tongwall mining §s not a

- selective mvning method, hence the increased mining of low

grade areas, ! Section 2.4 has ‘'details of the improved flexi-
bility and reduced off-reef stoping requirements of sequen«-

-tia] grid m1ning.-
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- Face Length : Both mining methots wouid create enough face

length to meet - Elamdsrand's production  requirements.
- However, scattered mini-longwall mining does not allow spare

- face to be kept_avai1ab?e in case there are prohTems,’ |
'-5.2-_-3' Reéck -n'e'chan'ics Aspects

- Control of Fau"its e.\;ui Dykes and Associateﬂ Seismicity

Scattered mini 10ngwa?£ min1ngaa]10ws the major geeicgical
discontinuities ””betueam hmgwans to be left intact with
bracket o ars. . Hnwever, the amaner fau'(t& arid dykes bet-
‘ween’ thes& majﬂr features stiti have to be mined thr-ough to
- gnsure  that Lig ., ahallow Follow-behind development is pro-
tected from high stresses, Although the Fauits and Hykes are

ciamp‘«ﬂum above and below each mini-hngwan by the strikes

7 pillars, the unclamped span h‘a between ‘causetmajor problems,
heakening of the stmke nitlars a1so pccurs at the fntersec-
tion with the Fault or d;yka _This has been a probTem area on
" Western Deep Levels. - Datans of the improved cantrol of
fmﬂts and dykes’ whit:h resu'its f?'om Seequentiﬂ grid mining
are. esented in Section 3, This -improyed contro! wm
rasu? in a significant reduction in seismicity and a major
‘improvement in Safety. ;

- _Stabﬂity of_ Font'ua‘n ﬂévé‘lcmmant : Experience w:th minis
TofigWalls on MWestern Deep - Levels indicates that pitlar ;

foundation fallure cant severely damage extensive lengths of
haulage since the haulages” “are parallel to the pillars.,
Several recent - large Seismic- events associabed with pillar.

fuﬂndation ‘Faﬂmﬁe on Western Deep Levels each resulted in

" more than 100 meﬁ.’res of haulage being damaged. With sequen-

%1&1 grid mining the hauiages are pErpend*m?ar to the

;pi'ﬂ_ars. This helps in that it Timits the aréa of potential
‘demage. Therefore the area réquiring additional’ intensive
support is smme#’ there is Tess 1ikelihood of somgone being
fn the hazardous drea’at the time of the event, and T the

. hanlage collapses a sfiorber length will need to-be reopened.

it
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There wiH alsp be .,econdary escapeways available shead of
the area of potentiai damage by the time the pﬂlar' is
created ) E

) . \F ’ .
Bna-reef Stresses : Scatters ;d mtm-wngwan mming does resuit

- in Tower peak ,energy re'leﬁse rates. . However, this is not a .

major ‘factor since. sequenr{}ia'l grwd mining can also be doﬁe at

'-acceptab‘ie energy releas¢’rate Tevels,

¥

i

Effectiveness of Backfill . The significant support leads

~ which must be reached befor'e hackfi11 contributes appreciably
- to regmnﬂ support are onTy attained after tonsiderable clo~
. sure has occurred. Therefore it is the backfilT installed.
" midway between stabilizing pillars which contributes the most

benefit. For mini-longwall mining the critical area is the

_ middle two panels, while for sequential grid mining it is the
‘arga close to the raise.  The backfill for the two middle

longwall panels is placed in a high closure environiment.
This means. that a significaﬂt amount of closure will occur

~ hefore fﬁI can be placed. The backfill near the rajse for
‘sequential “grid mining will be iostalled in & low closure

environment. Therefore the 111 can be installed at close to

“the ortginal stoping width, This will result fn improved

pafformanc-e.,.,of- t-he backﬁ"n for regionaﬂ support pu_rpnses. __

| ' P‘!I]ar* S!ots Strike stabilizing pﬂla\*s fnr minfe 1ongwa11
_ J_;mining have to be mined through 4t vegular intervals to faci- =
-'ﬁtate vantilation between mini-]angwans and occasionaﬂy o

cvarstape an area for a. a:t*asscu« which ‘has to be dev-loped
underneath the pillar.  These pillar siots are extremely
hazardous {18) _because they have {0 be mined at high stress
levels.  Pitfar slots will 5ot ormally bé requived for

- sequentjal grid mining.  The exception will be bracket’
-~ pillars which are not -on dipg. afnd arse therefore situated over

a crosscut. -These pillars will be 'smtfed during ‘ledgmg
operatiuns, su the mining mﬂ b& dcme at haw a:tress ‘leve‘!s.

A
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"Guﬂy Stahﬂity A particu?ar- probii’an area with strike staﬁ -
bitizing pﬂlars for mimﬂoﬂgwaﬂ mining at Western Deep .

Lavels wis the gully 1med’1ate‘ly above tha 20 metre wide
pmars. A large zone of failed rock(10) in the hangingwall
~ updip of the piﬂar <(F1gures 4,6 and 4.7) resulted in a

. serious probiem with falls of ground. ' This has apparently_

been sawed by 'incr'easmg the pillar. width to 40 metr‘es. Dip -
-:stabﬂizmg pﬂiars for sequential grid aining completely- '

. o

-avoid any potentia1 probless in this regard becauSe thera 1s
“no gully adjacent tu the pinar. - :
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6 RECOMMENDATIONS-FOR FUTURE WORK

“Several aspects of seqmntm 'gfid"mining and mine design in
'general requir'e further mveahgation or mprovement. There are
- also several aspects of sequentia‘i grui min‘mg which need to be

monitored during the Initial 1mp]ementat1un in shaﬂownr areas

" of -the mine. - This- _wm result in better designs for deeper - -
Careas, - | | = - o |

- Computer Hnde'l}ing i.o Refing the Desiyn Process Designs for.
- specific areas where sequential grid mining is being fmple-

-mented will improve 1f5l,_ fur.’n_:her computer modelling investiga-
- tions are done, More extensive computér modelling needs to

~ be done to-assess a wider range of stoping configurations

-_w__hich are possible with sequential grid mining. Different

| '-____:_;--'_In'i'tiai conditions (e.g. mined out arsas) need to be
~ investigated. The effect of changing the raise spacing or

extraction rate (and therefore the pﬂ'lar width) needs to be .
logked at in more detail, with ‘due regard to production
constraints  The sensitivity of the results to the assump-
_tions regarding backfill modelling parameters needs to be
: .phejéked'as'..they may have been overly optimistic., The use-
* fulness of inelastié modelling also needs Yo be investigated.

3

- Improve the Monftoring of Safsmicity : The Elandsrand seismic

' _detactiun and location system needs to be expanded and its
~ atcuracy regarding event locations and source mechanisms
- needs to be 'lm_proved. eebphones neéd to be installed in the
_subshaft as soon. as possible to adequately cover the area

" where sequential grid mining is bheing implemented.  Accurate
information regarding event locatfons and source mechanisms

) .wﬂ‘i enable back analysis to be .done pmperlyf, 'fhis will
: -u!timate‘ly Tead to improved desmns for other areas of the
mine. - '
Jo

| ' | Lo Co
- Monitor Haulages Under Pmars The effect of the dip stabi-

“Tizing pillars on the underlying haulages needs to be accura-
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! 'teTy determined. Dama'ge may result from thé-' dynamic

defnrmation assuciated with seismic actw1ty._ Instrumen~
tatwn and monitoring must be done to determine the extent
of the probler (if any) and the effectweness of variaus SUp=
port types in cantra’i‘iing the damage. The ef\fect of dynamic.
- deformation on fuotwaﬂ development needs further investiga~
tion. - The. resu]ts of these mvestigatiuns will result in._
1mpr-oved desrgns far the deeper- areas of the mine. :

. 'Impi-ove"th'e' Das{gn- of Bracke’t’ Piﬂar’s .:'This is 'going to be
- one of the most difficult aspects of implementing sequential
; ~ grid mining due to the difficulty of fo'r*mu'lat'ing definitive
demgn Hm‘lts for excess shear ‘stress. - However, since -

sequentiaT grid mining will utilize a relatively Targe number
- of bracket pillars there is great potential for learning and

'imprnvemént' Back analysis of both stable and unstable

pﬂ?ars (determined by monitoring seismic act‘iv-Ity) w’!T‘l be
vital. Again, experience in the shallower areas of the m1ne_ :

- owilY 1ead to impr‘oved designs for the deeper areas.

- Iinpi-bve the' 'Ecbnom'i’c Aspects of Hine Design ': The adverse |
economic cnnditiuns currentiy prevamng in the South African

goid . mming industry make 11: imperative that everyone

» inyolved in the pianning process pays more attention 0 eto-

nomics, The amphasis must be shifted from squars metres
mined to gold produced profitah‘ly. This will requ*‘nre a
better understandmg of the breakdown of the .costs of mining
and the effect of changes in planning on these costs. The
rock mechanics department must he wming L. ompare support
amd miniﬂg a‘ltematives tn he’!p to determine which set of
altematives yields the best profit while ensur-ing that mining
can sti1l be done safely. Compute\r: modelling will play & Key
role in determimng the size andg‘locatiun of pillars and the
planning of the mming ‘hetween’ ’jthe piﬂars, It will alse-
z’ew to determine whether it would be move profitable t@'mine
ith Targe pillars and no backfiil or to use backfill to mini~

~ wize pillar requirements. The use of high quality backfill

i
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'_(probab1y' ﬁémented) nesds to be investigated further to
- determine if it will be a viable option for further reducing

- piTlar réquirements in high grade areas. The overall offect

.%\ 

of backfill on stabilizing piltars iheréfore warrants fﬁrther

: attention. The possibility 'that backf111 placed in con-
: tact with the p11lar -edges {as can be accomplished with dip
. pi!lars) can Tead to higher p111ar strengths due to- impraved
o p111ar conanement neeﬁs to be. 1nvest1gatad. :

- Ekpaﬁd'ﬁackfi!l Capacity and Capability : The results of the

computer modelling indicate that classified tailings backfill

-~ will be extreme}y 1mmurtant for. the depth of mining con-
sidereﬁ~ Backfi?l will help to Timit energy re?ease rates to

wcceptable Tevels even with “Tess than ideal Face con=_
;figurationg. but - its bzggest benefit will be the improved

* piltar stability suggested by the results of the Hoek and

Brown failure criterion. . For the pillar configurations

_— mod&!led the use of. properly piaced backfill will.allow
~ - Stoping operations along & pillar to be completed before
;ripiliar foundattnn failure occurs, This is extremely signifi- -
cant due to the potential ‘severity of rackbursts associated
: ”with this foundation fai]ure. : o

It is theréz;Jb 1mperat1ve that Elandsrand expand 1ts back~
- 111 capacity to enable complete filling AAith or without

‘cementitious adﬁitives} of &1l panels in areas where the

grade justifies the extrs expense. The expertise must also
- be developed now to ensure that this backfill is placed
~ factively (which means close to the face and in contact -

with the haugingwalf) at a11 t?mes.l
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7 SUMMARY AND CONCLUSIONS

7.1 Summﬁry'

 The objective of this report was to detérmine fhe abi]ity_bf
sequential grid mining to meet the rock mechanics requirements
for mining the deeper portion of Elandsrand’'s subshaft reef.

The investigation has shown that sequent1a1 grid mining achieves -

the fo??ow1nu object1ves. v

- Str&ahas and energy release ratﬂs can be kept to acceptable

B -Ievdﬁg 1f properly placed ¢iassified tatlings backfill and/or
.ideai ﬂlﬂiﬂg Sequences -and configuratins are, ut1lfzed. o

». The formation of remnants can be awaided. :

_t\

Lo Stabi}izjng p111ars and, hackfi11 {in certa1n areas) w111 be"

used"ﬁ§<regiona1 suppurt. '
L '

; 5f Hau1ages are situated deep in the. foﬁtwa]T to avo1d the h1gh |

,tresses under the dip stabi!izing pillars,

'_.-'_Muﬁtffaults'and dykes w111'be cIamped with.braéket pi!lars;_

uThergfdré Sequentiai'grid mining E&n'meét the Edck mechanics_
requirements for deep mining. This report has also shown thai

sequential grid"minihg_is-prefcr;ble to scattered mini-longwall

mining for Etamdsrand's variable grade, highly faulted reef,

Sequental gria mining will result in Jess problems, with faults -
“and. dykes.e This 45 the biggest advantage of- sequentiai grid

*ﬁﬁning when compared to any form pf lorgwall mining, There
ube three main aspects which 1llustrate the potential for
sequential grid mining to reduce the prnb1ems crnateﬂ by fau1ts'_"
énd dykes* ' T

- Hore Brackat Pi!!ams Sequent1a1 grid mining a?lows a 1arger_
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proportion of the faults and dykes to be left intact with
bracket, pi'ﬂars; If these bracket pillars are properly
designed seismic activity will be substantially reduced.
Br‘_ar’.ket piltar design will be easier since more accurate
information on the Tocation and orientation of the faults and
dykes will be obtained from the development ahead of the
stoping operations. These bracket pillars should alse be
mare effective than strike pillars which result in onlty small
- areas of the'geolag:ica]' discontinuity being clamped.

- Less Negot'fhtinn of Faults and Dykes : One of the biggest
o pr‘ob!ems assoc:iated with Iongwaﬂ mining has been the. nego-
~ tiation of faults and dykes and the re-gstablishment of

stoping operations on the other side of the feature, This is
an extremely hazardous procedure which can’ result in conw
‘'siderable off-reef mining, but it must be done so that the
shallow follow-behind development s protected from high-
stresses. Sequ-antml grid minicg wiil thua]ly eliminate
this requirement.

F- B__etter ﬁpprbacti to Faults and Dykes : Sequential grid mining
will make 1t easier %0 avoid mining a number of panels up to
or through -a fault or dyke simultaneously. To accomplish

© this requwes prior knowiedge of the orientation of the

_"geowg}ca'i feature and the ability to alter mining con-
f‘lgm‘ations, sometimes significant'ly. With longwall mining
it is difficult to accurately determine the orientation of
'geo!ogicaI structure ahead of stoping opersilons. % s alse
-extremely ditfficuit to make significant changes to mining
configurations (e.q. from overhand to underhand) due to the

- resultant production delays. Sequential grid mining. s

designed td_facﬁitate_ both -of these requirements_. '

Sequentwl grid mining will also result / iess problems with
footwall development. This is an area which will - need to be
monitorad, However, sequential grid mining will eHminate the
need for shallow follow-behind development which runs parallel
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 to the stabﬂ‘lzing pﬂiars. The hau1ages for sequent1a1 grid'

mining are deep in the footwall and perpendicular to the dip

"'stahﬂizmg pillars, Therefore, if pﬂ?ar foundation failure
~occurs - the seismicity will be less likely to damage the

" haulages, plus a smaller portion of haulage would be ‘affected.
© This also means that intensive support of haulages in the vici-

- nity of pillars will be move feasible since a small area will

need to be protected, Crosscuts will not be & problem since

: they are overqtoped at an early stage.

The‘l“:ées’ign' process 'requa'_red-fur sequential grid mining will
rves_ult in the Elandsrand'_ Raock Mechanics Department having a
vastTy increased w'ork?o'ad due to the large amount of computer
modelTing required. The initia) Tayout of dip stabilizing
piliars 15 simple encugh, but every, time a pillar is moved to

o c1amp a fault or dyke or ipo Hcorpora:l:e a low gr-ade .area |
computer mdelhng wm have to be done to determine the pillar. -

size and mining seguence required to ensure that all of the
design criteria are stil7 met, There will a1so be a tempta*uon
to move pillars whenever it is convenient for production person-

-nel. This will have to be minimized dug to the large amount of
_Work: reqmred in checkmg each new la_voqh '

rné mﬁit’ors‘ng and ana1ysis of seismic-lty will have to improve

- With regard to location accuracy and determination of the source

mechantsm, - Haulages below pmarﬁ will have to be 1ﬂstramented
and mumtnred to determine if the Tayout and support are ade-
quate. ~ Additional instrumentation and momitgring - will be.

_ .req:ﬁred to .improve the understandmg of the effectiveness of a
" combined backfill and. stabﬂizing pillar layout. A1 of these
' nperaticns riquire substantia‘l addit'rona‘i work from the rock .

mechan%cs department.

Ry

" ?._2 Cfmcl usi_ans .

rr

Longwal? m‘ﬂing ui’rh strika stabﬂizing pﬂ‘lars is acmptabm

for deep mmfng whnn the - reef has a uniform]y high grade and

N
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relatfve]y Jittle faulting. Sequential grid mining is a safer
and more profitable alternative when the reef has a highly
variable grade and a relatively Targe nunber of faults and
dykes, as is the case at Elandsrand Goid Mine. The development
done ahead of the stoping operations yields accurate advance
information on geological structure and grade, This can then be
used for intelligent planning of mining sequences and pillar
1ayauts. 'Luw'grade areas where mining.wouid not be profitable
can be identified and left as pillars, Bracket pillars can be
designed for most faults and dykes. The design and implemen-

-.tation 0f these bracket pillars will be better since the Toca-

tion, orientation and throw of the fault or dyke will be known

- weli inﬁadvance of stoping operations. Where there {s no unpay

or bracket pillar betwesn raises a dip stabilizing pillar can be

‘utilized to avoid holing-and to limit the mining span between
_pillars. These dip pillars should be shifted to low grade areas
~ whenever possible to maximize gold recovery. :

The mining sequence, pi%]év sizes atd p1Iiar_1ocations'can be

nltered as necessary to ensure that the final design meets the
relevant rock mechanics requirements. This will ensure that the

mining can be done in safe conditions. Backfill will be more

~effective as regignal suppori between the dip pillars, but it

shouT 4 on1y be used when econcaically Justified"ur_ when
nacessary . to ensure safe cond1t1nns. The__impleméntat1nn of

- sequential grid_mining in this manner will allow this variable

grade reaf to be mined safely and at maximum-prafitabi11tya

sequential grid mrning wi]l also greax!y 1mprnve Saiety by

c?amping fau1ts aod dykes with bracket pillars. The mzntng of
pangls. thrnugh Frults and dykes has proven to be an extremely
hazardous operation. Sequential grid mining will virtualiy®

: e?iminate this requirement.  Properly designed bracker pillars

along faults attd dykes wiil also significantiy reduce the
seismic activ1ty assncimted with movement aTong these geo?ogica1 |
features. . : - Y
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INPUT VARIABLES FOR COMPUTER MODELLING

- General Elastic Constants

Poisson's Ratio
Young's Modulus
- Stoping Width
Lohesion

'~ Angle of Fr1ct1ah '

Backf11J Character1stics

'!I' '“

! CQhGS'IOﬂ 3

" Anglé of Friction

- Material Type :
~ Critical Stress Parameter ('a )
Vltimate Strain ('b*) '
CFill Width
Stoping Hidth

Hoek and Brown Faiiure Cr1terion Variabtes‘lz)

Rockmass Quality
Unaxial Compressive Strength

o Empirical Constant - m

Empirical Constant - s

General Computer Modelling Parameters

Coarse Hjndéwlﬁr1d'5ize
_Fine Window Greid Size

Maximum Number of Solution Iterations

Successive Over-Retaxation Factor

{Second and subsequent Iterations) N

Overall Stress Tolerance
Maximum Number of Iteration Cycles
"Successive Over-Rataxation Fagtor
(First Iteration) =
Number of Lumping Shells
‘Iteration Start Control Number -

APPENDIX. A

0,2

70,0 GPa

1,6 metres
5,0 MPa

30,0 degrees

© 0,0 Mpa
30,0 degrees

Hyperbolic.
11,1 MPa

0,40

1,50 metres

- 1,50 metres

Very Good
200 Mea
7,5

- 0,1

20 metres
5 metres
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