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ABSTRACT.

A detailed analysis vv$ performed on.statistlos.obtalr,ed from twenty two
goldminelS indifferent minins.di$tricts, to.determine the parameters which
~ffectlafj.ourprClductivity ~ndworking c(~~~.
Th~ fOUO\lving. app~ar to be. the. most.important:.-
$h.~tt, t$evelo}')menta.nd.stope ia¥out;staping method; .effective shift ~ime:
management policy; rock and envIronmental constraints; level of technology;
geological factors; depth; grade; payability; dnution; face advance .and
prOductionrat~.. ..•...•..•.•....... ..•.•....•....
Some of these parameters are fixed during the planning stages· or the mine
and leave little scope fOrfurth.er improvements. Others are beyond the
c.on'.roI8r management. Management is left with the following parameters
which itmust manipulate to Improve labour productivity and cests.-,
th~ stoping m~thod and·development layout;.effective shift time;
polley (softis$ues); envil't)llmentc:d constraints; face advance and dilution.
A o~cription Qf.an ic..~al.mine is submItted as an aid to des.lgn for maxlrrium
lab.our productivity. and minimum operating costs.
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1'SYNOPSIS.

A subjective and -objecHve analysis was carded 'Out on statistics derived from twenty two gold mines

in five difi'et'ettt mining districts, to' dNennine the J:nain parameters which affect l~bour producti ....~

ity and worldng costs.

The following ..terns appear to be the most influential ones;-
shaft} developIXl.ent and stope laNut; stQPing method; effective shift time; management philosophy

lnd policy, toc!;: and envin'.lI'lmenta! engineering considerations; degree of mechanization I.'Ind level of

tecnnology; geologi~cl factors; d~pth of nUning; grad" of are mined and percentage payability; face

advanoe rate; dibtiori: production tate,

SOUleof these parameters are fixed during the planning and d('.sign stages of the mine and leave

little :scope·for managemtmt to create improvements.

Others· are tPtaIl~ beyond the control of lJlanagement. Management is then1ifore left with the rollow~

ing parameters which it must manipulate to imprQve labout ufcductivity and costa:-

the stopin15 layout Md method; effective shift tinlA' phliosophy and policy (soft issues);

environmer.tal and rock conditions; face advance rate and dilution.

A description of an i.1e&;lmine is submitted as an aid to design for maximum labour productivity

and minimum operating costs.

2 INIRODUCTION.

In the prevailing economic climate of 11 low gold price and inflationary pressures, profit margins on

deep l&v~: gold mines are rapidly decreasing ( if Hot already extinct). This has sp,rved to focus the

attention of ;I'~!~eholders (owners. employees, unions and government) as never before, on the abil-

ity of management to ameliorate the present situation or even to survive the crisis.

There is a wide variation in the apparent level of efficiency at which different deep level gold

mines operate, Stakeholders lia;e not been slow to use this information as ammunition to frrce man-

agement to make changes to rmnrove the economic position on their individual oP~l'ations.



As is common in this type of scenario~ lanour reductions are the first manifestation Clf managements

response to th(; external pressure.
Also in response to an increase in working costs and hence the pay limit, there usuaUy follows an

increase in the grade of ore !1~ntto the mills (Gold Fil'lus Review. 199O. This inevi1~~blyleads !O a

decrease in the available ore reserves and therefore tnan~gements flexibility to carry on its oper-

adam.

To '_,y'hatextent the criticism, of the gold mining industry (and its management) as "fat cats,\ if)

justified has led to this investigation into the main factors goveming the variation (in efficiency)

between one mine and the other.

Before we can. determine the factors which. ·affect pr'3duct.iviry and costs, we must consider what is

.lJ.leantby the .terins efricienc~, productivitY)lnd costs.

Efficiency Is usually measured in financialterms , These !U'ereveuue, worldng expendhure, profit
and productivity,

The term productivity, in the .past~ has been used as it measure of Intman output, for example, tons

produced per employee. In recent times the meaning of the term has been enlarged to encompass.
the ratio of' total output to total input. Thus, productivity can be increased by increasing the tota:

output, for the same or even it smaller input or maintaining the same output for a smailer input.

For·a gold mine, the total output for all practical putpOS"lS is gold, which is sold for revenue. On

the other hand, the total ifiput now includes labour, stores, equipment (including ca.pital expendi~

ture), power, wata and exte:llal. chatges ..Although .it can be arGued, that the gold produced can be

increased, fat the purpose \)f this investiga.tion and because of certain practical constraintst this

option. (to Increase output and therefore productivity) is dealt wit!l in less detail. Instead, it was
decided to concentrate (':1 the input siC::eof 'he equation al1~, in particular, on the cost andIabour

productivity aspects only.

The main paremeters which impact on. operating costs and labour prodl,lctivity would appear to be :-

age of mine and extent of mining oper-:..tions, average depth of' workingS, inclination (dip) of the ore



bot;iy, thic!tness of the ore body. mining layout and method, the value and areal e',(tent of the pay-

able ore} othej' geolOgic~l factors, the degllee of mechanisation. the use of new techndogy 8J;.deven

1l1:;mag~ment philoSQphy. It wi!! be obvicus that the effect of each of these parameters (on c._::t<i and

pr~dllCJixit¥l~~f!be estimated but will be difficult to assess in precise ~el'ms) e.ither in .isolation or

. .in t.elnJfon to' one another because of the Qilier variables. At best. the solution presented wm of_' ." .. ":-\" - - ' ,,_-' , , - - - ,

r~ecessity be a fairly subjective one.

B~catl~e ot 'th; nature of roiningJU1d the differences whIch exist even between neighboring mines
~ ,i,_ U ; _" <or,'" i-,' ,: ,'- , •

"-ar!d bef~)}se,,-of the, l~~'genumber of factors mvolved~ it is $uggested that the main factors be id~nti~

fiedC(in °Ule' f'irst instance} by compt:U:lu,g one mine -with an~ither in terms of one factor only. This
F ":;. rt'" ',' -.' ':, ()_ _,'.,_: .~~.~:' '. '- .-_ " -, .

then; be: ~one for ~~ch tacto): i~ turn. IIi this way~sam" statistically significant eviden::e may

p~:esellUtselttovfJidate ih~)i~PD:ttance of that fact!)):'. ,A_,,,,,,therway to determine the main factors
:; -, . . '" - '. , ~,- - "

J~)l~:Y,~~tuit:ion:ushig ~ilecl,enefit iJr PMt experien<:e as an aid to judgement. As the whole project is

.,t'~sican:l.! a sul>JecHv,,~ analysis ',both .methOds will be used as deemed appropriate.

'Bi;i~={~e>;e '~~'int~~~te'd l!i~.~r~d4cth'~ty in its broades~ senSe, the main cdt:';.ti~agaiast 1,lInicn the

c'· Q'.!a.rcl- f:acrors\villbe asses$ed wm' bp working costs and la'bour productivity.
;;-'c u·\",>,.,~

v j~"':~T",<,', :~"'!
1) '\,Ve'can;'sillll:mari~~ the \\~(l>ve section by saying tha~ the main objective is to determine the factors

-~,' /1, _'';'<t,'<_,,_' ,::>,:.- - " ,_i;, __i .:," ':'

. which ajfrpct prQduc:.tiv~ty and costs on gold mines; The other ob;ectives are:-
c~ c .) "'. Ii . :", - . ,\1.". - ',1i ' .

"J~~l1tif~ th0 l~~!3J).t and linuting factors and their inter ..
, ' 1:' Q .' . .' ••

, reiatianshij~s : aria how they affect the prod\lctivity on each Qt' the mines under consideration
(\., ,- 1,
: " '~",' ::: ,,-

',::~;:,!oevaluat~ 'the effect of these factors by statistical or subjective estimation or sensitivity tests,

," \~~hichever is appropriate
',' - iJ _'_- - ,(:~{",,, -: i"

'" la"~:r()'duce grapns or tables shOwing how these factors impact on productivity
( ')

"iJ$ ,to'iu~~these to predict the productivity which can be expected on a hypothetical mine.
fl 'Il1fnrmation W'ts obtained from twenty two mines, in five diffetell~ mining districts, regarding their

U mi~~\ng layouts, workins' costs and labour productiviries, The results are given in Tables 3.1, 3.4 and

3~;1.

This information was analysed in terms of the main parameters. Conclusions are drawn as to Which

of the parameters h.ave the greatest impact on each mine. Finally, general conclusions are drawn

about the relative impact of the various parameters in differen t situatiens,

-3-
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I..ESLlE S 66 19 200 187 9 22 1/0G
WINXeeK S 77 29 175 159 9/18 1BI9 1/0G

NOTE: S - SCATIEREIl MINING.
L - LONGWAlL MINING.

TABLE 3.3

50
63

224

5
27

100
120

280
139

155b

35
9
4

.. S/1
4/0

3/0G37 6



This section deais with the Identifi-:ation and definitioll of all the itp'''r!s whioh.can:in any way

affect productivity and costs on a gold mAne.

DEFINITION OF COSTS.

Profit Is obtained when one deducts costs from revenue ( ill' "" R - C ). !n this context. Pr is the

workbg urofit, R is the revenue from the sale of gold and C is the operating or working costs
incurred in the prod.uction of the sold. Costs are also synonymous with the terms expenditure ()l'

working expenditure.

Althou,\$h the title ofiha report requires tbat the factors which affec!:; pro.ductivlty and costs be

identifitedt this will 'be done in the con.text used and understood by 'l'lie mlnes, The reason for doing

thlS~ is mines still regard working costs as one ·of the mair. control parameters £Dfmanagement and

productivity as only one I)f n'.a11.Y ite~ns which affect those costs, In the mines' context, pr<:Jductivity

refers to human ()utp\\t only. For example, managemtmt monitors the .centares per stoper or per

stope emplvyee. The statistics &iven by the mines is in this format and will be analysed as S\lC!h,

opca'Use th~ numbers of people itwolved can be readily ~sti.mated. The modern definition of produo~

tivi~.Y'is fa; broader tal i. as shown lit the nex.t section.

DEFINITION OF PRODUCTIVITY.

Preductlvlty is i.ha l:~tio of "Lotaloutput to total input.

In the context of this report and for 9'.1 practical purposes "output" .\s the gold produced. which

yields. the raven ue of the mine. IIInput" is the sum of ~ll the resources employed by the m.ille and

can be effectively fepresent~ld by the total expenditure. The main components of the expenditure

=re labour costs, material and eqtJipment costs, power, water and externaloharges. The sta1,istics

given bv the mines do pot alwayS indicate whether the costs are direct costs only or include varying

degrees or overhead expenditure. In any case, the difference in accotllHing systems between one

mine and another would preclude any exact comparison. This adds to the subje(;tive nature vt th'}

analysis,



THE ITEMS WHICH MAI(13 UP THE "INPUT".

The items which make up the lnput are people1 equipment, matetiHl and the envirOi'nnel1t or to put

it (mother way, the (5 M's of bU$iness:~ men. material) 1~anagemel1t, luoneYt method and machinery.

In mining one should add another "M" nal'nely, mineral or rather ore reserve,

PEOPLE.

There are,2 categories of people:- mavagers and workers. The former category comprises cE;!rta:in
levels of supervision (~enii.,t and middle luanagement). while the latter zan be further divided into

front .11ne $upervisors~ (including lower levels of management), sIdlled uno unskilled. employees.
People contribute to tho costs to the e.xtE:nt that they earn wages, bonuses and overtime plly. They

also ~dd tQ thE) costs because they are paid pellsions and are provided with housing and medical

services a.~dothet fringe benefits such as motor cars, The wag1es and other benefits are. to a ltlrg;e
extent, fixed as a result of competitive forces in a market economy and the collective bat'galnil1g

pNCeSs.~ which f't'Jrtils an lntegrc
•
1 pnrt Qr the South African industrial relations system, There is little

one call. do to, reduce the level of rl;':imb..rsemen; once these have been set, although tht)re is some

scope to limit furthel' increases when an emploYl3t Is faced with a loss making situation. This is the
case at present in the gold mhting lndust:ty. AnClther recourse in these cltcumstance{l is to reduce the

numbers or people in employmellt, bY rerrsnchment or e&1'ty l'edrement or combinations uf these.

EQurPMENT,

While people can I,.~ dis"'o$ed of with relative eailo? thus providing li'Tmosti.mmedIate ~avings in

working costs (s.everance packages will have to be paid), the same cannot be done with the othet

cost items.
Reducing the scale of operations will lead 'to certain items Ot equipment becoming redttndant and

,~'

these may be disposed or for a shQrt terlll (one" off) gain .•H'oweVel.', if this' Is done the value is
usually only a fraction of the value or even replacement cost, should thIs become necessary at a
later date, On the other hand II decillion to change the mining luethod and hence the type of equip ...

ment in use may well be a beneficial one if that equipment Ms become uneconomical. (For

example, with the rand dollar exchange rate the cost of imported 11lechanisedminlng ~qui! aent
such as IClad~haul- dumpers has tripled in recenr years).



MATERIAL,

Uke equipment. the amount or cost of mh~eria1 can only be substantiaHy reduced by reducing the

scale of operations. Thi~ is not to Sil-y that efforts to reduce wastage in whatever form it occurSt
should not be encouraged. What is being said. is that sMillgs of the order of magnitude possible

with people w1'1 not be realised.

ENVIRONMENT.

Those items which cCiffiprise the environment include 'Ventilation, refrigeration, pumping~ engineer-

in~ and mining services to name only a few. As in the case with equip.nent and material. sayings

Call be achieved by reducing the scale of operations and more efficient usag~. However t a.sIn the

case with l\Uose it6lns. the magnh:u<:1eis not mealy to be very large (unless major changes in mining

methods are introduced).

METHODS.

The ty.pe of rnirdng m.ethod chosen does havethe potential to affect the working costs hyan order

of magnitude. partici.llarl~· if the method forms part of an integrated system of mining.

FOT exam.ple, a highly ml~chanilled·system employing trackless roechanls~d miflh\8 e(iuipment (TM3),

i:tlpact breakers and reCiprocating face con\eyors or even cl)ntinuOlls scrapers can have a very sig'"
nificant effect on mining costs, For a start. the amount of labC'll.1.1.'and fot)t.wall development can be

halved.

1[1the case of the first two items mentioned above, the potential for waste removal is also -ssnt
(packing or dumpjl~g). 't;l1ism .ans that the value of the are being sent to the reduction works can

be increased and the additionall:nisting and l'n,iHingcapacity can be utilised to mine more gold

bearing orr. The saving i.n footwall development vaste is also important if shaft hoisting cf'l')aclty is,.
a constraint. if the plant cap.a(}ity is a limit.ing factor, it is generally a viable propositIon to increase.

either the waste sorting mtpachy 01' even the mUting and extraction capacity. :r this means that more
." '.

gold bearing are can be processed. (D.A.ImmelmC;ln, 1983; A.L.Hinde. 19&5/86 etc.).

For these savings to be realised, the basic infrastructure musi also be in place. By this is meant that

shafts, haulages, transport and maintenance facilities must also be capable of supporting the newer I

more advanced, (technol()gically apeaking), equipment. Hydro-power at,d backfill both have the



potential to impto'Ve efficienoy and productivity. Again, to ma:.dmise the \7enefits of these technol-
ogies they should b~ incorporated into the mining system from tbe stalt rather than repiace oth~r

forms of power and support which may already be in place l,lnd functional.

RESERVE.

For a given pay-limIt (cut-off grade), tile tonnage and average vahl-o .of the (payab: 'J 01'1,\reSE'tva
which can be Dlmed is fixed. On the other htUld. OMtlUse the pay-Hmlt changes with the price of

goId.and the COGt per ton milled; both the ore reserv~ tonnage and value are constantly changing.

In recenUlmes" 'be¢atJs~ of a strengtn~ming of the Rlnd DoHar eJlChange rate and inflation, the

pay-ltl.111t ha:s te.n,ded tb move upwards :rather thttn fluctuate. This ~a$ reduced the ore reserve ton-

'nage and incr~ased the aV(;1rl:!ge value. In the case of marginal miMs the average value of the ore to

the llliUs has :noi always increased to the eX(ellt hoped for. This can be explahted as £01. ')W5:'"

.the tonna~~ wMch. l~ sent to the .mills does :not only come.from the ore reserve but also from several

other ;sources; as the tOllnage. in th.e official ore reserve decre~ses so dOes the flexlbiHty of manage-

ment to plan hs operations ar.d Pl'OdUQ6 the .ore; thus the tonnag~ reporting : . the mills conlprises

tess of the now hff',her grade oro reserve tonnage and more .of the tonnage from the other sources, (
&outh J\frl¢ar.; Mine Valuation, C.p,Storrarl 1977).

Those marginal mines which have Suc~eeded in increasing their grade of ore to the plilnt, have

usually reduced the tonnage treated. They have tended to maintain the. tonnage from the ore f4serve
bur redu¢ed that from. other· sources (usually marginai oteJ classified as "not in reserve .....NIR'\

"green blocks" etc),

Vi here a mine is making a profit, each additional ton tl'el1ted, wm Mntt.ibute an additional amount

(0 the profitl provIded that the cost of mining and treatment (extnction) is more than covered. On

the other haIld~ where the mine is making a loss" each a~?itional ton trepted, will further add to

that loss. 'fhe paradox exists: to reduce working losses one must reduce the scale of operations even

though this means that the unit cost cir mining and treatll1g the ore will increase.

-'l~



(5 S1tU~CTlN(*YJffOSB lIEM£"W}jIC~J[$. THt: GR~A:rE~.t.I..Q~nUCTrY1TY

AND {;;QSTS,

From. the previous diScussion I :: .defil'lition cf pr('lductivlty has emerged. in the broader sense as wen

as the more restricted version (labour productivity) used in this report. In the following paragr&.phs.

the tetmillology used on the nlll1es will be used:- people are classified ineo management/supervision.

skilled and uril5Idlled labou1'4 equipment anl material are refe.l.'t'ed to as stores; the environment con-
." "',j '.'- - ,,'- -, ',-, ' '- - ,

si~ts (;If mining 4/nd gene~al servi~es (such ~s pumping and ventilation), the costs of which artt also

. 'f'.\'i..:it . If:, by p~ople and stores. The importanoe M' each of these t:an be seen from an analysis Q.f

WfitK:h1gmqlenditttre~trom the mines, of one of the major mining groups for June 1989, Here the
~-, , . p., : .,._ ",~"',-

br~akdown: of etPe~qlture is into the main categories of skilled and unskilled labour, stores, power
and water and ar~ndcy~,"~enditure.

, t.:' .' • ,

The pergentag~ t i~t~~~out as follows:-- .
Sldlled ]abo'll~ 16,7 if~nm15 to 20)6 unsldll$d labour 27.7 (from 25 \.0 31)i stores 33.4 (from 29 to

S7). power 12.5(from IUS to 15.5). sunli1"ies 9.4 (flvLU 7.4 to 12.4). Combining the two c;;I.tegories
of' labour one can see that labour makes up betwee"l 40 and 50 percent of the total expenditure.

Stores ani:t'laoour mal{es up nearly 80 perCfJnt. Stores and power together make up 46 percent (varies

froul 40 to 49), Capitai ~xpendlture (including sUfldrypersons) averages out at 8.5 percent (If total

exp-enditure (vades from 5 to IS}. Capital expel'JI.J.itureis also made up of laboi' t and stores, includw

iug macmnery. Capital items include shaft sinldng and other new and major Installations and are not

r~garded as l1Qrmal wvrking ex.penditure (th~re is also a tax implication),

From the precedin~ pa:tagraphs it can be seen th<tt an analysis. which is based on th~ cost ot' labour,

stores and pow~r oplYi (lepresenting over 90 percent or the total expenditure. excluding capltal)

should be sufficiently broad based for the purpose of th~s projeat.1)'he pa;ameters to be investigated

will thus include any item which can affect the number or people el'l1ployeclon a mine or the
amount at stores consumed. In each instance the analysis is done for all the mines comprising the

general group and then again for thosp.mines in the select group (West Wits mines).



The age of a mine as such. does not directly affect the C'ostsor productivity. Certain old mines

operate at higher l~~e1s of productivity than n~wer ones and vice 'versa. Wh~ni thes~ mines are alser

operating ut great depths and at thl!i extreme limits of their minaug leas~ aren. thes~ factors 1;Yill

directly affect pro(illctiv£ty.

The costs of transporting men, material. equipment. rock and services (electrki"y, compressed air,

water and venti!ation) over large distances and in all directions can be c';(orbitant, The cost of :main-

taining thest.1 long lines of comrrrunicatioll is equally expensive and the time. wa!lted in travelIing to
,- '", -, - _-'- '_ - '_ - - ' - '

'and ;f:rom the production areas cannot be: recovered. Total shift 'times are measured from surface and

limited by Itgislation and union agreements.

Figure 5.1. .illustrates tb.e.\ relationship between the relative age of a mine and productivltyt (or the

mines in the generfll group. The mines are arranged in descending order of age (i.e. from the oldest
, ',,' ': "

to the youngest). dsing Lotus 1231'3, and (;arrying out a; regr~ssion analysis {R squared), there Is no

appa1"ent cOl;relation between the age of a mine and labour productivity or cost statistics. There are

20 mines in the .genel'al group sa the results are fairly conclusive. The only exception ( highest 'Value
of ~ squared - 0,2'92) is in the category ot Age 'IS St(\P~ cost/e"n, The relationship is an invp.rse

one, which one can accept On the basis that older n. <; are in general more marginal and therefore

cost conscious

There are iJlsuf£icient mines in the select group to provide a good sample but once again there is no

apparent correiation between age of mine ana productivity or costs. The highest value of R squared

(0.277) for tM select group is in the category of Ag'J 'VSsquare meters/stope 61nployele (see Figure

5.:t), Here the relationship is a dir~ct one and again tv'a logic would seem to be acceptable (the

average for the three cider mines is also greater than ,;lutt for the four younger ones, however the

latter group is influenced by KiooY and East Driefontein. both of which have high staping widths),

If one considers the influence Diage logically, one could reasonably expect that there would be

longer lines of communicatioll\ greater temperatures and pressures, all of wh.iob CQuid impact nega~

tively on product.ivity and costs. In practice however, thls is not alwayS the case. The oldest mir.es,
including the very low cost producers, Grootvlei and West Rand Carts. sometimes have othl::'rfactors
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itl the.b: ftlVo:u:r~(t;iHar SUPPOl't~throw blttst1n~ shallow mining conditions dnd low grades of ore)

which result in ce:r~aili c~st snvings..Tnc only con¢lusi()ll W~;~h can be made regardIng a~e of mine
"':,':~,':-::"- _" '-:- - ',':, ,'! - .. .,:,' "" .. ,>::,~" ,',; - "".: -'- "', ',-_ , ,,!,'_ '- ''_'I,

and pwduet.ivitY$,berefore, is ~,hai,ageper se, .::1 :riot 'in1 influential factor.
'_;-·t.] ... _://'" ',' .. .

\ •. _, ~ ;'t -, 'l,~,~).,'J

~!1,":.IJI~lB'r$.~~A:gtlA;:¥PtUT S~;;~:n:M".
-, ,- . - ;,,'. ,'_-.,''';'1"

" "\~

" ..' ":. _ ".,)J, ,', ' _ _ _(.' _.:::, -c. ,.-"'i,-" ~~_ " ': __, -.

,Jf~e'"I~tioH a~tl the ,~lumj:).er*~shafts affe~ts, the productivity in a number of ways. Each shaft 1sa

In ihl.'D ii: JUlUz\?.$ iabQur:,~rtd s'toies~'Thelabour consists of supervisors. "'inding engine
f,-'_ -.'. -. _ _I ~ :'- - -;),. - .::' _'. _ J} '. ,,_' -: -: - ,

, 0, oriS~l,t~l;s"~hatt tlmb~l'men and uns1dlled ~mplo1ees. A large shaft can eltlploy 50
\r.- (1 lA,,'" . ,', '" " !, ',:l-'" _ ,,' , , •

or lOOIX'..;;;~,z.r.~U~1:l ul1stilled worMrs. The stares consumed consist of winding. ropes,
CO;l,lveyaJl~~'';nd;~tfi~i~'lnGtentm;'l:t<tisting fr~m'~reat depths is a major consumer of electricity.

C }'J -'fr- 0' ~~ _,? -: "',)/ '_ """'-_-~''.:::'<;,-_ -,

si;~ft~in close prQxirtdty to tRe areas where production takes place. can save on'. - ,:, ' <"'" ',' - _', _',

pVtl,.~nt~~'II'e:!:ifg,:~frl~e:,'apgtb~ret~!p Increase. the eff~ctive shift time. The location' of shafts in close

1'l~: ., 'to,~ii~~~~tll~, ~)lCh''as;l ~urfac(': and sub-vertical shaft. Can facilitate the transfer or
,'!lse' traveUfng tilne. (Capital expenditure is sometimes incurred for just this

The p~ovisil)rt~rserv!~()si'.dI.ftS(with sroali ill.ter-1evel spacir,lg) in the footwall of and in close prox ...
jl' - <

imit~ to.tl1(;hwofld{!~s. pro~lde excellpnt access fOi men, material and equipment, which can

imjiil;OVe;labouf p't,oduct!v,lty in the stapes, On the other hand the!'s inter-levels can absorb fairly
~'; "'~-:'<'-' c' ' -, •

ri'~rge"nhmberS of ~mployees to provide the services. These service shafts can also provide f:lwings in
\z)- --_ .,,' ,-

tM am()\u~! (jf ~e~elopment required~ whet~ the main snaft is far away. They nan also absorb large

q,~~llbts (~fde~eloprnent'(tunnelling) where the inter~le'1els are closely spaced.

As i~the esse of the age of a mine. the number of shafts per se, isnot necessarily related to the

iev'ii! of productivity 01\ the mine. Many shafts on the older mines are no longer functional. No

$tatistical analYSis was carried out and the,conclusions which can be reached logically are that there

must be a di::ect relationship between the number of working shafts as well as the operatlng capac-

it,Y:. or those Shafts and operating costs. There should also be an inverse relationship between the..,
number of shafts· and labour productivity.



This refers to the development requited to ~ain accees to the reef plane, to evaluate it and to ?ro -«

vide the facilities for stoping. It consists of fQotw~il Grives, cross-cuts, l'~ef dr:ves and l'.a.ises or

wlnzes and box-hoi~s (ore-pa.sses)"

The development layout cll,n bave a major effect on prOductivity and costs. (G.L.Smith. 1992). 11:1i5

is due to the high cost of tunnelling and the large numbers of people employed to service these

excavatior.~.

Trackless mochanised mining methods (TM3) and cuntinuons scrapers allow for a reduction of 50%

or more in the amount of develimm .....t required.

The best indicator of th,e amount of :tunn~lling involved, is the factor "Square meters/development

The main factors affeCting the development layout are the inter-level and raise spacing and the

nutnber and length of box holes or orepasses.

Smaller inter.-level and raise spacings should improve access and therefore labour productivity. One

can say that the better thtl aocess provided to the stope in general and to the stope face in particu ..

lar, the better the productivity of the workers and .hence the lower the costs,

The amount of development required is indirectly proportional to the inter-level and Cross-cut

spacing and directly proportional to the number of box··holes per stope.

The development layouts for ihe mines in the survey are given in Tal>!e 3.3.

5~3.1 FACTORS WHleI! AFFECT INTER ..IJEV_ELSPAC1NG.

Mines select an h').ter-level spacing during tfle planning stages. The following f~ctl)rs influence the

choice: distance of _the shaft from the reef, dip of the reef, payabi11ty, rock mechaI!ics consider .... ..
atlons, stope width; mining method, degr~e of meChal'lisation, provision of service shafts Ot service

inclines, geological factors, direction of mining, productivity and a:va.llable cash. (This list is not

necessarily comprehensive). The larger the Inter-level spacing, the small!:;:rthe amount of develop-

ment (and therefore cost), required to extract a given block of ground.



','_ "

The greater tbe distance: the greaf~r the amount of de:veto1Jnl{mtrequired. :Where shafts Me close to
jl.'": - '-'" ,

r' . f'

the reef, a sma,Uer int~.u'~level spacing can be tolerated. Unless it is the intention to provide service

shans. the inter,:,le-xel.' spacing wj1l be increased to ~lIavedevelopment and mai:r.tenance costs.
{I ',,, , , '

, / ;fVfier($"the'q1}H~f :thete~f: exceeds 35 degrees, it oecomes more difficult to 11ltter-connect the levels

ljsin~!:Sohv~~~j()~alnitlthg,m~thods.This difficulty can be overcome by reducing the inter-level
'J . - ' ~- \

,,~$pac~ng Ol>USiri~"rttOte,meChanised methods (raise boret.:',...R~ducing the lnter-ievel spacing.
, '.1.:.-_ - - ,_;' '''-''' .' ,j' -: -',,_',• - _ _"",):,~ ,~,' ; - ' •

(,improves the ~bcess for pe(lp!~ and stores. It al<;oallows tor the economic prc1vision of a box-hole
," ,{),:,." -- -, - ", i;,'_' " - '_ , - " --- - -,' -

C', -~~'per stope pa_qei. o~

'.',- ;," - - (:i(i 1)' "

:' _ 9,-_ ._ ,(I,' ", , .

The provision of a Q,px-hole pet stope panel is not of the same .benefit. where the farce of gravity

tl$sist$ in "t~eo~6P.e:~I~Jmtng process. This provides t,avings in development, labour and equipment.

. ()ill t~alanc~htw~ver~·1,t would appea.r as if the steeper dipping mines go for a sIllaUer inter- level

spavi~g. than th.6se with flatter dips. although there ate many exceptions to this. rule.
> -'-;:', "\'~_"~":;'''1) ::'::,\' •

(3).1·he.1?~~bl~,ii:Lof 1he reef .
.-',) '-

. 1'M ,pao/iibility /ilf£'ects the inter level spacing :1 two ways. Firstly) a high degree iJf payability allows

a hi~11{if ~~ tot,,!) extraction rate (longwalls). Secondly, if the value of the ore is also high, 0116

.can"affq.rd'to do I1".":.!'edevelopment. On the other hand, where the higher grade ore OCCursin pay-

sh"ots:which extend for reasonable distances down the dip of the reef, it :s possible to increase the

.spacing, without fear Qf missing those pa),"Shoots.

Rqck engi'1eeriilg .:onsiderations affect the inter-level spacing in deep ievel roilies, in that the levels

must be placed between staJ:imty pillars and not beneath them. Mines like E.R,P.M. and Western

:Deep. Levels with small spacings (40 and 50 meters respectively) have greater flexibility in locating

the pillars. (See also, discussion on back length).



Stope width affects the inter-level spacing as follows. Tbe greater the w.i:dth~the greater the tonnag~

, ,?lhiah can be mined at that particular location, other things being equal, This rhe::qnsthat mor~

money can be spent on d~: 'lopmertt and equipment. Again. a ~otnpadson can be made betweell Eas'

Dl"iefontein "hl1d Doornfontein.

Th~'-eholce oJ the h1Ini~ m~thod affects th,~lnter-lev~l spacing in severa! ways, for f}xamp'e e-
.,. :. _" '-, - , -.i'" ,'-.-.,-

(u.). An orepa's:i per pa·fil)l.- ._-_ ',_ - - - - /.)'_'

-. ._"_":,"" _ ,'. ,'_ _::-,._ . _ e)_":,.,
4l, decisiOn $ ma.de.,t<l,provide an orepass for e',ery stope panel. then tl1e spacing must be kept

,'" 'ta~vlysm~l~. otl~~\visith~, cost of p~Gvidil1g these becomes exorbitant (exa.tnples are mines like Bea-

'trix. Ha..teb~e'St.foni~l~ and Va~HRe~fs)", II ' , ," "
f~~,'Ti'~cl<l-es~mining. r '

Jhe enoice ot a traclde$!)minihg method means one can increase the spacing without losing the

b;n~fits of 'th~' ~k¢ell~ntaccessibility those systems' aff,:>rd.
--?- j ,

'c;

Q The ch:o~~~'af :111 up o'ip mining method require:.; ~ltat !wraping distances be limited to maintaIn
c,

-fhe degree otr.nechanisation has been denltw.ith in the previous .b6r;:tion, in the discussion on track

"tess methods. The inroduction of other forms of new technolog!', such as hydro-power (water jett·

ing) or 'backfilling, cO'Jlld provide th.~ necessary impetus to increase panel1engths, back lengths and

hence inter,;..level spacing, without concern for a decrease in overall efficiencies, The use of

continuous scrapers allows both raise and inter-level. spacing to be increased without navel'sely

affecting the level of productivity.

The concept of ser ~ice shafts is also a fairly recent innovation. The number of levels sP,fved by a

deep and busy sub-vertical shaft can be drastically redaced from over 20 to 10 or less. (1500 mete

shaft with levels at 70 meter intervals). With less levels to equip and maintain a really efficient

track or trackless transport system can be installed between 11e lnl'dn shaft and the service shaft.

- 13-



Tlte Iatt~r then distributes ·the men, mater~"::Jand equIpment to the workings vj~ intet~le\te}s ,,)acerl

")0 to 50 meters apart. Thus good accessibiHty is providedt while the total ~U'llountof .:.revelopment

required .is not signific2::."\tly ch~,l.I!;:ged

(10). geological f.~ctpr.s.

Geological fac;r~~ caE.jnfluei~ce the inter-level spacing. Major displacements of the reef by t'&.ulting

or f(lIf-iill~ can haw this effert. FOl"'.example at Vaal Reefs, lar~e faulted blocks are serviced by twin
-~ :, - ',.

hn:u1ages. which aIsQ serve ~~,iIMak6and r~turn airways.
;~":-- " -" '. - ,,- '- - -; ._ \,.<

v
(~;~~-- ':"'".-;_' '~'.__ \ ,~J--', _ ,_ ',_ "', " >:.'-,_,: " _. :,~'

c. 'I\. change in';:r.:Jledl'reotion of mining, ftom breast to up dip may not seem ad\;sable. However, a
L ' , »- • - - " ' - - ~',.1- -. ' - - - - ' ,

smaller inter~le.vel spacing and back length and hence maxir.ntlm 2craping distance, can rnakG ti.l!;
,': _.,,:':',;_: " " ,,-'-_p"" __, (J_, __t: - ::- >'

~ystein ~~tt{;imely,eff'icie~t; {WeSt ...land COIlS. utilises both systems - .up-dip and breast mining - to.

su~t t1ie c&r9ums:tances).

\,.
The smalle.l ;;he amounU and distances that men, material, equipment and rock have to be handIed,

. the more ~f;ficient the system. generally. This applies particularly to the reef plane. (:I3eatrix with its

snqrt panel lengths and short strike scrapIng distances to a nearby orenass, iHustrates this point and

ensures high levels of productivity).

TneregressiQn analysis for the select group of mines gives the highest value for R squared (0.320)

in the category Inter-level spat..ing vs stope Cost/tun. The rel~ nship is an inverse one. This is

s.hown in Figure 5.3.2.2., One would. expect that as the ILS in~r~:a!.('sso access to the working place

becomes more difficult, labour productivity should decrease and costs increase. The anomaly must

be due to the, small number of mines in the sampl,: or because of other over ...ridine factors.

One would also expect that higher values of R squared would be 01 tained in the categories of

Cost/ton milled. Sq.meter/dev.met-r Sq.meter/stope employee and TOlls/stope ern~toyee, "this is also

,;>robabiy due to the SrMtU number in the sample.
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One would also .expect that, higher values of R squared would be obtalh~d in the categories of

Cost/ton milled. Sq.meter!daiQ.meter~ :Sq,meter/stope efnployee and Tr:ms/SL!:,~ employee. 'fl';\s is also
, "

probably due to' the sm/lU"aJifuber .ln ;t11C $U1npie.
,

l:!aw6:yet in tb'e larger snnIP~~of the g.eneral gtoup~ the.fe is also no apparent '¢(JrrelMion b~tween
" , ',-~ _ ,- ,- ',- -,

.illte;~ieve!sp~~inG,and P!,qd'~Ptiv.ftyapd c~sts~(Figure; 5.3.1.1.),.
{l _'~, • _ " ') ;1" '-, .': ", _,:'

:i(l,lUS'~ne'~us£di~w ~h~,cGm1~lU$lon,thai inter~level spacing can have 'an influence where mines are

Si:l1iiiir·'Cfor~.nttU'n~;le.i~ the ~t~lectgrp1.l~) but 'that other faotors w1l1 have an Qver..rIding il~f!uencB,

::'~lrere'~ili~ '1i':;~dl:SShni1ar"9i~not coritiguous. Qne m~st alsp logically cpnclude that ther~ should be
~'?dil'ect i'eI1atio_~$hipbetweeij!Its: ~ri~Sq.meterjdov.meter.

r: ," Q,\" e,,,' i " ,'i\~';;" ~ ", " .
~~.1.1~i~~£!l--H~N:D,,~A~~ES~AC!i<J&
,/;'_ "', __ _, _~)'~ .: , ":, '-1", __ ,~< ,,11': ,'; _, ,,:" It , ;<l::

':\VP~rreP.q¥~!Xl~jtt:~$'pf'a lowe!~order of ma~niiude~ a scattered system of mining is employed ~lI1d
dr()sse~l~~t'4X'aises~~re-spacei~at laO to zoo meters, This gives a maxirnutn stdl(e scraping distance

'Vi' . ,,_', --:) "->',,, ,,'J! "

(:,of $l{)'tQ/ rQjJ' .~eters~iwhich is:the practical limit fOl' a reasonably efficient scraping operation, using

, o~4inllry sct'~~~I$"(~s opposed to coutimlOU$ scrapers). Some mines have crosscuts a.t 100 to 120
:;" ~ ':/' -~!~ -:-"'~' --_ , ' - i! ,"

"leters~;npurt f9,r,thef reasQus.l';tlready given. Some mines have a smaller raise spacing but for a dif w

"t<, ~ '::'_ ;: ,~;!
fer~mt1re~,SOp..'In this case~ the main frAise serve.~ as a collecting scraper gully f{lt many short, up dip
":-6-:'?- :.,~;--_ 't. ",_, - . ,~:-,I':" -, .
, ..0.1: b:~ieast..(aces.

. ''.) '),

"Cf.imt~ has researched the subject of raise spacing for mines u~ing scattered layouts and have con-~- >'- ,'-'" -,~ - :

ci~d~ct tnat the optimum econom.ic spacin' is between 220 and 260 meters (D.R.tawrence, 1984).
'"

One"wQuld exp~~tfaster cleaning rates and therefore race advance rates with smaUerraise spacings,
,_' '\~¥ ,,:j ,

]rI6weVel\ the Ufe cf the stope decreases and mal'ed( v.elopment is required. Also' the ratio of ledg-
':'i', ,-

ing to straight stoping Increases and this tends to reduce the average Iace advance rate.
\".

This Goes not apply when more efficient cieanillg methods are used to move rh(. broken rock to the

c~ntre or dip gullies. This study also showed that costs are highly sensidve to face advnnr.e rate,

mine call factor and unskiIled labour costs. They were less sensitive to equipment costs, skiH~d

labour cost.and refrigeration costs. As mentioned pr('viou.sty, mines \Ising longwall mining rneti10ds

space their crosscuts at 50 to 70 meter intervals.



From .tlH1 qnaf:ysis. there a!ipau\,s to be a strong correlation between raise spacing and Sq.met~
,,;-~:-: - _, -'__r', n

O
,'_' ._ _ " ' ' •

Ii ets/de\, .meter ~as expe\..~J, and ihGre also appears to be an iuvl;)l'se retl'l.tio!'),ship with Cost/ton mil!~d
for the select groupi:of mines. (Figure, S.3~3.2.)

Th~ co'trelatiQu is InUc11 'weal.wr fn tn& case, or the g6neralg'rou? where once again othel' factors
~n over-riding infl~H,mcr;. (l1~igure5.3·,3.1.). '

, ',' ','l' . - \

;i.;t.~tJ~lj~lR,~_R~~~tl!AlSS'li':$ .('nJQl~nIQtml.
(~) ,~" " " :' " i,"' . ' .' ",' "L' • " ....":

Tj11ilrsubj~cthas· be,,9Jl~tsc.,us~edin th.e se(:tiort ~n, inter-level $pacing under the sub heading of min-
,:',1,:"", ,,':"z>.':'" ,;:,:c'''!:'_.,';'':'c -: '_'~ _' _,_ ,,- _ .";','." -':'_,~' ,n _\f~- ' _ --.,:', _.'.'. ' ~;;~
ing'lnedwd. Pr.ovlcling,·~tr~::~.~pa~s,pcr strike gully .is a costly business and the cost increftses aJn1\)r,~

;,cF.'t':P~'~f,i;ht.idity,,,~Jitll® i~~r~~se;i~the i~ter~lev(:}l spachtt!, Thus even the richest mlnescnnnot affQtd
,i;4i~(i~,"~~'O' - ~'~',~,,' .\ ,

.,,'(

'\~ 1J10 ~~v~iof'"de'IJeIQpme'nt 'varies from one J;Ttine to !u'lOther and according to the tYr~ of tUlll.:>! antf
,- '!'-F:;/~f' _, 'i~'V- '_, , _' - ~-, , ' •. \'_

d~ S1'.1PP('Jl:~'tfud (lQ1J1.P1l1ent mstalled,
~ ~

. While" oJ~passes do not contain expensive eqLdpment they are "iffi~ult, time cons'Jming and eX;J(..ll~-

ive te gfr<}~lOp,

. The re.l;ire:t~.Iontlna.lysis for the ->~!ectgroup shows that '~here is apparenti:> strong correlation

he.fwe.~nthe number' ¢i' orepas~es and the stope cost/~on and ~Iso the tons per underground and tot(ll

e.mployee, Figure 53.4,2.. III the tormer case, tbe relation'ship is a. dirflct one while in the latter c' .se
the l'eiatlonship is inverse. As expected there is also an inverse relationshlp between the rrurnbcr of

orepaS$es and the Sq.mc'ter/dev,m.eter.

More o"epa.sses require more winch drivers' ~nd this may explain the hIgher stope cost/ton and lower

to!1s/employe.~. However the square meters and tons per stope employee do not show the same

strong correlation although the relationship is still an inverse one.
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From a logical point of view one wou1q expect productivity and therefore stope cost/ton to imprQve

as the infrastructure is il'nproved, unless the cast 'Of the additional development .is also attributed to

the total stcping cost (individual accor.1nting &yst~ms).This is defInitely not the case fot the mines in

the select group.

There is. no apparent cort(;!lation between the nun1ber of orepasses and labour productivity or costs

in the armlysis of the general gr0l.1P, although certain mines such as Beatrtx do support this ,heory ..

This is shown ln~Figure 5,3.4.1. The conclusion reached is that while one would expect productiv.ity

til',improve wit.'ll the provision of additional orepasses there is no 3tatistical evidence t~ substantiate

this.

Fi~'Ufe $;S.5.4; (select group), shows that there is an apparent correlation between square meter-

. sldeveiopment ~eter and cost/ton miI!ed. The relationship, as expected, is an inverse one, as the

amount of development increases so should the overall cost. The logic of why there shOuld be a

direct reliltionshil') with square meters and tons per employee is not obvious. :\5 the ratio of devel-

oPll1(lnt to sfoping decreases so should the number and capacity of the orepasses and labour produc-

tivity showd decrease (see previous paragraph).

Qne WQuld also expect the stope cost per ton to vary dIrectly rather than in an inverse manner. The

answer rro'bably Hes in the small sample size and that the relationship does not exist.

Figure 5.S.S.l. shows the same relaHonship fot square meters and tons per stope employee, for the

ganeral group and in other respects as well, It would seem therefore that the answer givEln in the

previous paragraph may be incorrect and tha] there are other ever-riding factors (Eg mining method

at West Rand Cons.) which can account for the variation.

The coriclusion reached therefore is that square meters/developm0nt meter probably has an inverse

relationship with cost/ton milled. It would seem logical that overall unit costs should decrease with a

decrease in the amount of development.

5.4 STOPING LAYOUT,

Under the heading of development layout, factors such as raise spacing and the nvmber of boxholes

was discussed as well as the effect they can have on labour productivity and costs. It is necessary to

~17-
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consider two other factors relatea to stop(> layouts, namely nack-length and paneJ length.

The stoping layouts'for the mines covered by the survey, are shown in Table 3.3, and in the appen-

d~

5.4.1 BACK-LENGTH.

The back-length is the length of the stope face bet zeen the main levels or inter-levels of the mhe.

This is obviously a function of inter-level spacing and the dip of the reef' (or the ("'''patent dip,

where stope faces are mined off true dip). An analysis of the back lengths in use shows a variation

from 1 maXinlUnl of 280 meters to a minimum of 127. Further analysis reveals that the mines with

the steeper dipping reefs tend to have shorter backs than the mines with the flatter dips,

AccesS for men, material and equipmentis usually hampered by the conditions encountered on the

reef plane. The$~ are: rough, sloping and slippery footwalls or Iadderways, insufficient headroom,

confined spaces and a hot and humid environment. These conditions phiS the fact that the move:"

lJ". • of these. items (men em). is usually against a counter. flow ot rock moving from the face
towards the centre gully and orepasses, further h~mpers progreSS. The degree of difficulty Is

directly proportional to the distance travelled. 'rna distance travelled. is the sum of the distances

trave:rsed~ on the dip of the reef plus the distance traversed on. strike. In other words. downthe

centre gully, along the strike gully and down the face. The maximum distance for any given work·

ing place, is froro the top or bottom entrance of the stope to a point on the face) m:'dway between

the top and the bottom of the stope. Th:s distance can only be limited by, reducing the inter-level

distance (and hence the back length) or reducing the distance mined on strike (Crosscut or raise

spacing).

The degree Ot difficulty is also proportiona1 to the dip. Steeply dipping workingc ar-. Obviously

more difficult to traverse than flat ones. By the same tokell, narrow stopes are more difficult than

wide ones.

Thus mines exhibiting the foregoing characteristics, will be~efit more by reducing back length and

maximum strike distances, than those which do not. In the deep level mines where strike stability

r>!'~arsare used the back length i1'- a function of the number of inter-levels between the pillars.

I
\

Figure 5.4.1.2, shows that there is an apparent correlation between the bacl<:-lengt:h and labour pro.:..

ductivity in the select group of mines,

~ 1& ..
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The relationship is an inverse one for underground and total employees (productivity should

improve as"ther«l' 1sb~Jter access): This is what one wou!fi expect, however :the relationship does not

ei~ndl"to the tons/stq~e emplo~e. One must conclude on the evidence available that thf\re~Is no ,'eaI

~correlation ar.rl tbat baGkler.~th is not an important fact"f.
"" ' • " ,- ". "J'

:r~e(~ ~ ipPa.~ently no ~o<l:relatiofibetween. btllct.:Aength a~d productivity in the case of the g,merat
groJj:H {Fig!,lre 5.4.Ll} •. '~.

iK"": ,) : _, _, '.',_",:c. "__ c' ,_-~

"Chi:C-c-againo:tll~\ot?;lyconclusion one can reach is that there shQuld be an improvement ill ·"bour

p'roducti,{i'ity Wjt}~?~smaller back-length+ as access should improve.

" -:'," -

Mention wns made .p%evioushf' that the most qifficult patt of the stope to traverse is on the stope
, '.' ; '.- :);; '\ ; -
ra:C$~]nJ~mu~rt't,I}£.!fra.velon the fac5~ can..be limited by reducing the panel length. This has the
,. \~":":; ,,- - '_'-,: - '" - - -, - "

added,be~fit of lmproving the face cleaning times. The disadvantages of this are: more capital
(j , -".

i~qllipni~ntand possibly orepasses ate required as well as more wast.) c1,ltti:rg in the form of strike
:;:_l' ,P' __'_''', _ ;;"_
gUllies. 111isjn~teases th~ amount of waste dilution tlf the ON to the milt

The ~ubj$ct qf optimum eccmm1'liepanel1cngth has also been researc ..led by Comro (D.A.lmmelmall,

._19&3). The oonclusion reached was that shorter p:mels were seldom better than longer ones.
"., .' ',- '. - ,

Those ~itles 'Using so called tra~k1ess mining methods (TM3), have in <.ertain cases increased the

paj1el;:tena~h. (thus reducing the amount of .dilutIon), in the knowledge that the improved cleaning

facilit>r in the stril(e roaciways ( L,H.D.'s) and .improved access for men, material and eqaipment.

rilor~:than compensates for the increase in panel1ength.

Figure 5.4.2.2. shows that there is an apparent correlation between panel length and cost/ton mllled

(inverse relationship), for tl1p.select group, This is what one would expect. However, this relation-

ship is notteflected in the stoping cost/ton and one must conclude that there is no real relationship.

There is also an apparent C0" Latioo between panel length and Tons/dev.enrp, and Dev. Cost/ten,

These seem to fly in the ~a( e of expected log~c and are probably due to the smallness of the sample.

Figure 5.4.2.1. shows a correlation between panel length and square meters/stope amp. The relation-

ship isart inverse one as can logically be expected (longer panels - more "lost blasts"), The correla-

tion js weaker for tons/stope employee. However mines with short panels (West Rand coos. and the

Bvander mines) definitc:1y have higher stope labour productivlties, There is no logical explanation
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r.llsal~~l, '~4'" 1tfZ.(!~ 1~.S9 e4.M :i!(3.~'i e2,~ OO.OS 2l:Mt5 32.55 20.01
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WE$ifJi1!~ -~.(I " 14$.00 (~t).C$ 4'1 (1:;, 10,00 37.1~ 7G.$4 $U1' :$0.14 23.02
~tF~4'l'Rl}~ , ,";'kt}. 11l3.~ 111.14 M.I)$

. a:f~'rvJ;1 (~. 12?gt e,,~1 ~.43 17,0$ 14.91it ~ $0.0$ 21.01
. ?b'lOO:iNI'4'N ~B 15t;i."i'~ 't:M.'li' <'ltl.OO 20.42 .s1.liI2 51.14 4UI~ 21.tlZ
, fJ~Oi~ '. £lit mQ1n. '1'.(:.';.0 :e:l.Oi 14.01 S:MU $.a.7S 'QI.11i1 23.49

. ",,,"0$0 ~;1~"-~~~"'~1i>~~ as :f.~ ff.~ E:S ~;~
!Wrlif,\ONf::>. .~; ?~.1l4 , 21..1 GO.a 2iH.l4 22.4U 42.1 39.61 .

f~M~.j 15';01:1" .~('Jl'l tl,~111:cr~·'''':'--I··P«tJt)I'(ln9!)tvr; Square i\!i6T.i~ Sm!). -IPMoi lengll Vil TanG/Stopel' Emp.--

t
IJRI1";rt~llt: c . jllc~r~i!):lronoutput: Rl'lgrlSSIllon Output

OQIt::ii:.ll'l!: ii,' .'. .,.e~fJl:l(1f)~ICQt!Oit.:\lit .~ 21.eseS4 ¢ona!'lltlt 64.00441S
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I
O.t::J:?'.l1;3S )( OQaille!cnt(tl) -(l,311$S X Coo1i1clcnt(s) , -0.47072
0.1321.962 Gtderr tjf Goof. 0.092020 ISid IEtrof Coot. I) $$6$01
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~,::lG
1!Ml9
!:1S.$1

40.151l.!7 Cont'i!;lnt ~f •!t:l401 Conomnt
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~[---~
~ -~-- ' .. ._..-G ~ m ~ • ~ • •

'''I'',Nt)..LENClTH.

,~~\~
• • y ~ a R • •

P~~Ui1>t1)1'H.

.__.....-----.~-~...,-.....~-..---.----
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0.149421
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DODANP'N 29 '113a.1s 13.S1 4Gl.&~ ~0.4~ :;;1.62 '-11.74 41.613 27.62 22.35
i{l.C:10F ~1. 17S.7(l. Ul9 SS.a'! 14.Q1 ,>;lIMa as.ia f!J7."1S 23.414 19.50

II~iil~~.~IlG.iJ'.t\ld.;'a~~o;,0m~~.,," ...•.. .'. 'p~,~(JIIOiiEfu\'<\ sqUC!ro'~100StdPoemp. ~PMOI "'mgUl' VI.) fj)n~/stQPl!lEmp.
l"lc)gm::)1::mm QOt;,l.i" 'p-- - ' " " ' .. " '~~9~$~!en O<~<!p~.: 1=\09rooOlO1l Oulput

,eQn':it.'lnt .' ' .' , 2tJ2.00'lG CI.:!Il~1W!t S.70Zl1t1 OOIlGWnt
, : $ttn'::rf (;l~'V,Eot " ~$.4i53gStd i:fr o1Y est 2..:l4S2(l$ StetErr 01VEstIFl$'luatCl!.i ,.' ," t,l.S7I'Wi'Sl!tSqU$\fIilt! 1M(lSfi41 IHlqL!ared
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o~)~rC;.i!H}fF ..~Oclq/l)/ Ii OO(Jrcoo Qirrondem 5 Dogr(llli) off'rclildOlYt

I'X t~om;:ftl!1~(;} -$.lJ{,1$:} .X OQ$filblont(o) O.17SS44 x O/AliUclon1(o) 0.1)02276
1••t1>7D1S reaot. 0.212519 StdErroSCocf. 0.1158$&

~q,tv"iiilOGIJ.MJ;b....-- StopOicosVTon. Panollangth Vi) iOI\1l{Oelf,Emp.
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5.:!aiS$~ Sid ~fr oi Vest 6.200$0(1 Std Err 01YIEGt
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0.032124 )( COf<roc(cnt(s) 0.353544 X Coofncll!)nt(s) 1.94(131)2
O.4;.;.'1..;;.GO""!I:.;;:Il..............._.......r,St:! Srtlof 00\')1. . ............,Q.4·,13GEi Stc! Err of Co01. 1.0167155r,;;ootr'~n. ?lltIallt!lngitlvll TQne/udg.Employo.o-.----tpanollel1gth 1Itl1";;j:;Orfo'frE"'·;):·~;'CiO.- _.

;;In0tiillut R!lgrosoion Oulput: Rogresslon OUlp~.I!:
9f.).at~1!'j C!:mlt',nt 20.02a23 Con~t:ll'lt
1.ll1s.944 Si<Hl ... o,V.l:st 5.$01035 Stc! Err ofY est
O.$~MG9.ASquOl'od O.06a.~15 Fi SqUGlrGd

7 No. of Oboet\lnljono 7 No. of Obcot\lat!otlo
S OegrC!!ls of Freedom 5 OfJgrCQsof Freodom

X COAfIlclant($)
~fr of Co01. '

eOfl$~Ii'J'ltIi;,\d ~I't r:fY iot

IRiiiflt:urodINil. 'i'..I~Ot::)OI\{!:rif(ln~
!)",~f¢;;r,4'!Vrrtiocl~m

i ,
IC(.m"tmi~ , .
IS~d6r oh' Eat
lHsql!<l)'od
Nc. at f.lilC€lNa.tli)nS
~o~rOO(l 01~roodem

,~,.al107 XCOClfiicIMt(S) (t:'11~aO
~-=.~;_. ...;P:;;..1:..1;.:;·1'$;:;..:>;::.:6:;......_ _,.~_.J.;S;::.:td~iZrr of Coat _ 0.525817

0.204612
O.431!,{14 __

'11'lotCitii)AQIllU tQ bo tl c;Qrelllltlon qO\WfiOI'l t'tu'l!tliionsth snd Co~ttrtll1 Milled. 1'nns/OO\r.employee Md Oava!opmont CosVTon.
f!Q\"'OV(.)I\mGr\l iJ'C! t:lnly k'1faw{tsms ~d So '!h.; rost.11!:! are questionable,

E.!Jluro 5.4.2,2

'ANa.Lo(lJ)lilll;Wi\:M.'Wo~'i:"'O'fl1G,
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1Q.50044
7.895202
0.241231
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1.581115
1M~1727
0.422764
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11,(.ls:.~7
4.1Si'3~4
0...145090
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for t!·.\ othel' ?lpptmmt c()m~lations •.

'The ,.; \(.';1': I': 'Hl drawn. is thai an inctease itl' ,panel length dOt;ls ':lot n1.aterial1y affect productivhy. On
;, \' -, ';~_,' ','~ , ""'_, ,~ ,'!~ n_·-"· _ :~~<,_-_l,\ ,'_ ':!,,' , __ "-" ",- .. :: '_ - _ i'-~

. 1"11(,other halld. Cornr('; htls detnonstrtlted that a decrease in pc-nel length wm lead to a decrease in
.. ' - '-,',' ._ - ,- . ,-_ r

Qverall produ~thllt~1(rev~nu~)~ llnl~s~ Inbmtl-productivity improves $llbstant.ial~y and the hoisting

und .milling,'r;lte,~'can !b~ inoreased (D.A.Iro:t;\lehnan. 1983). '
; -'~.' " , , - _, - :;' If -.

II.·

o '5{~~~it8J~~"R&~1'~Q_Q~_i.~eEJ391iffUl,P;t~NS~
\'1 ' - ,," '._ )1 ' : ' __', X;,' ,. 0 " - "_' : __ - - - '- ~

t , Ti,j~ ratiO.; (H.k~·tlU'~r,ll'~~.m.uf\,OI'.l~Oi~ square Illeters/deveI6pm.~nt meter) is an important parameter as
~~~"";·-_-';,~)r':,'~;,...:: -' ': __ ,,"':_.,," '(', _-, '._. ,'... _._ _'
'li~"~~~JS-~O!1eerne(:tJ,:'l:hi)U1'prodlictnuty is hl<;:elyto increase as tins

• f) I"

,:r~~9b~ttSare tikel~1to COtne ~ciwn(development is usually more costly than stoping),

lllpiC'ittor ur the efficiet'l.oY af the mining method and la}'Quts used, The higher the ratie

"ovedti Px:~ductivib\ (r':U)$t q,f the effort 'is tlO1lCenttated in the revenue producing

, I}

S.4j.~~ ;:i:h,o:wsthat th~.ratio apP\i\al,:,to vary directly with square met.!stope emp .• stope,
\) '_' _-c) , . _ c,- ',_' _' ,,' _' ,'-

"ma'ierground ,a~d t0t~tltons per empivyee and inversely with the stope cost per ton, for the se~ect
'1.)_ '" -" ' ", -,

" ~to,;;q,."',I."h~!!'e"is n~r\\!'Pl'arent correlation with cost per ton milled (a logical explanation is difficult),

~i8~)ahl~:'~he£af;~pleis too small nnd/or th~re is in faot no relationship1 or other factors have an

o\~er~~ld~n~if,lt~lJ.lej')ce•.
;- ,'., -', ,. - -' -, - - ,:~.!-" '

" c:.) _:: 1 ' ~'1

FiStU'c\?~.itl. (f;!enaral group)! does appear to have a cerrelattcn between stope tons/total tons and
",.• f)""" .

t~ost/tOllmilled~ albeit slight. The other apparent correlations are the same as the select group.
'." :., .... '

r'.'",_,<

o .",~~_'.,:~',- , " " " •

Hi C(}i\c~~~it>t\thete~ore, one can say that the more tunnels whiCh are developed the hig~er the costs,

, win be~and the lower the labour productivity although many mine managers believe the contrary is

ttu(',

I:. nlay also be true that those mines which·con¢entrate their efforts ii. inl~l'easing the ratio of stope

t:;,ns!total tons do. so out of necessity (to concentrate their reseurces in the revenue producing areas)

and will ther~f('re also get tl-e best production out of their labour at the lowest cost.



(l.as; 15.4.~ . 21M OG.S ~a.1!j4 ~2.411 42.1
0.370 105,$9 11.75 ;;1.11) $4,Ot ~'!:.12 51.19
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5.S EFFECTIVE SHII''!' TIME

Consider the formula: Production;; production rate:;: effective working til11e. The available time for

prcduction workers is laid down by legislation and negotiation, between employers and employees

assQci~~ions and can be legaraed as fixed. for the purpose of' this discu$sion, The avnilable tlmeis

made up vf effective shift time (working time) and travelling time. The. pclint of thb preamble is

thls; One cannot say that because the production/productivity is better, t.l).lltone mitl!ng layout (

mine "A")? :is better than a,nothel' ( mine JIB"),without consIdering the eff'ec:tlve shift time.

No in.ttltlnation was obtained from the mines in thisrespect. There can be little doubt however, that

p.t'oductIvlty and costs will improve in directfelationship to the length of the effect!ve shifttime.

Mines like West Rand Cons., Beatrix and the Evander mines substantiate this.

5.16 PRODTJCTION RATE Al'ID LABan)!! PRODUCTIVITy".
Production rate is the second part of the formula an.d it is affected by many facto!'s, both phySical

and human; Let us now consider some of these.

MAN AGEME:NT PHILOSOPHY AND POLICY.

The pod.;:y may be to maximise productivity of the skilled war' -rs. FOr examplet after a bout of

wage negotiations, including productivity bargaining, management will attempt to recoup some of

the additional expenditure on wages, by reducing stafr,

After a disruptive strike, management may dec:de to mechanise as many of the operations as poss-

ible, thus increasing the output per employee and reducing the potential for f1lture disrLtPtion of

production.

Even without these particular incentives. management is always striving to improve productivity and

reduce costs.

The decision to reduce the number of stopers for example, may bring about a change in the mining

method, concentrated mining, double shift stoping, maximum face advance, smaller inter-level

spacillg and raise spacing ..

One mine, not included in this survey. is experimenting with a sixteen man mechanised :;ecdoll,

which will be capable of producing 350()O tons of are per month.



A more dkely nhlnagl~mellt philosophy, would be to optimise the opl;,ration. by putting together the

most cost effective mixture of skilled and unskilIed labour~ material and equipment} not to mentiG!1

working environment.

On<:e again no infon1~ation is available from the mines on this rathet' nebulous aspen. However low

grade mines generaU'f operate at higherlevels of labour productivity anlet lower ¢osts out of necess ....

ity and it would $eel)~likely that the Managements on those mines would place a higher emphasis on

these aspects.

In recent times~ much has been spoken and writtel'l about new appro,aches by Management to
-; . 'I.,
improve the levels of prOductivity on' their mines. In many instances however they have b~en more

';, ,t " , .' - ;'

, Eke "a return to .basiicS# (that is, the principles and pl'soticest which have been developed over the

'~~;;;~:F~:"~~m~~i:~;~;;~i~e"~nd ¢~~~rQ!complex mini~g operations}.

Many or these pdncip1~s were lost sight of, because of the high 801<i price (in Rand terms) arId high

profit margins. Fining t~~mills witll sub ..economic ore was aoceptahie as unit costs came down

(beMfits of scale/of operations) and profits rose margi.nally.

A t present there is ,a concertpd, 'ffOtt to mine only that portion of the are body which is above the

economic pay ..Hmit .even tf' >l:hi'. rlJSults in p ::duct1on in the milling 1" ;} and an increase in the unit

costs,

Management has also made great strides ill reducing those items which contr!Qute most to operating

costs, namely labour and stores.

STOPING WrDTH

An increase in the stoping Width above 1 5 meters. 'usually adverselyaffeots the output, in square

aete-l'S per employee. On the other hand. the tons per employe~ may pontinne to ris~.

Above 1.8 meters. eVi'lnthe tons per empbyee maydp.cline, This is caused by diffi.culties ira sup~

porting the roof (a larger, more dense pack and cal'ryir.g out operations above ones beadl.

It is difficult to mine efficiently in narrow flat clipping stopes {less than 1 meter). As the width

increases so operations become easier even though more support is required.

Figure 5.0.2.2 shows how productivity and costs vary with decreasing stoping widths on the select

group or mines.

A:; expected. there is an inverse relationship between stope width and square meters per stope



'nt

employee. On the other hand thet"i::, 1'1 be: II clitect relationshIp b~tween the stoping width and
G '

tOi1.\Sf"\ndergrOl..ln~and tota~.'emt:l~{;\;' 1;~ l):;..::hc~es the logIc e"pressed 111. the first paragraph of this

sect!Otl would upp~n~ to be $u'6s~antytl!d;

!'
The satne correlation ~ippe~rs to hold. tor the geU¢l.'at group (Figur~ 5.(1.2.1.) l,lS fat as square meters

" ' ;_ _ ' " 1, ' .. ,.' _ '_, ,-, " •

per t;tIJP~~~PloYtu.ds con~rn$dl in i'.ldditioidbere is a direct relationship between stope width and
<.\ • '!\_ ,_ ',- ,,',' _ ',.1 -", -: '.

~stopfPeast per to~.·Tiiis \~(!U~SO appaar'to support the logic .
. One"~~tmc~~C!rip~'t~tefore th'~ts~varem~ters per stope employee will vary inversely with the stope

~t-'~,_ -_,< :'_-- ;-- :~.--"'_ ",-:', ":;_~"_ '_-",_-,-~<'-: "-_ ."--( "-, '_, .'

~ii~:rh • w.h)C'if~s.~lOtdct~rJ directly :with the cost per square meter.
',"""':-" -' ;{)' ".~" -'::"-;-- -",- _-'~ -"-:.,-~"-'!,~'.:': ""'_' --;"-:"""', ,:~

Widio a,:,hiJ;J,~(h' .$tope: v~l>idthbl1~may ee tempte~ to incl'ease the amount of development (square
~~~~~~~_-==-~_0~-;~=:,:;~:~".----:'=~-:=;"~~:--~~:-~'~,oi'~-~~~_0_ :~. -,~,_,:,-"- __ ~~~~~~ ~ --_-.-, , :",.::-, " "_! ,"

. n1et~1's/h1efer:ct;;iv§;lQr,!ed)'b This mde~d~-appears 10'be' fhe' case.
-,'-';", 'qi -', 'r; - 'f , '~i " ;. '-', - It-' i

>.) • !\l (
JVnr~l1"iG J!.,$E'l'H<,';n'j' <" •

'" _,:'_'~~-"'Y«_:':-o;1~-';::;'.;:l";/{-·:'_::·':
;.-____ . :' <--', ;" 0_:, _ ,:,,_,,":"":'-:--~'.. _ ":? " ,__ _ '
.A.hhOugh'the mil£iu[il',methods fot the various mines were studied7 this was done mainly from the

" ".-' <- J',' 'Ii :" ,p -- ",')' , -' '" .

vi~'I1JPoi~tot~~j;He,'f;t6pingiint::ide~lllopment layout rather tha , the effectiveness of the method.
~. . " "(I \ ,:...

T,h~,1~asonffor th<lSwe~e r,\s. follows:~
'. 4io'.m~st.,~"die mines illll910yed face and stri1~e scraper cleaning methods

o:i'tn~~in/!)s .fin, the '~elect group were all involved in longwaU mining.
1~ .. () "-':l~>.a"

On, ti~~\'Q,tM,r'hand. nlining methods sucn as iM3 do have a profound effect on labour productivity
,; .

and co;;ts.~.Makin:guse of gravity assist for example; or full or semi shrinkage nrethods, or "throw

'hlastillgU(with short up·;dip or breast faces), can greatly improve productivity and production rate.
';'_. I,

'V54~Sthe nnalysis' was performed in terms of the. layout rather than small differepces in method and

has been discussed elsewhere in the report.

ROCK ENGINEERING CONSIDERATlONS.

Events such as pressure bursts, falls of ground; rock scaling and fretting are all due to high stress
levels and usualLy resUlt in additional materia! having to lw handled or fe-development having to be

done. This obviously affects productivity adversely. The aspect of extra and, .enser support has

already been dealt with,

Other measures such as caving, backfilling and the use of stability pillars will affect productivity

either beneficially or adversely.

Once again this topic was not considered as an item for direct comparison but rather in terms of the
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Figure 5.6.2.2



effects en development and sioping layouts and the effect of depth Md environmental conditions.

There can be little douht that mi:,~essuch as Western Deep Levels are adversely aUep,ted by ,rock
pressure, seisroic events and heat.

DEGREE Of M. CHANISATION.

The use of' mechanical loaders (L.RD!s). drill rigs ( hydraulic dtiUs and Stomeos)~ umity vehicles

(men alld matetla,l transpor~,).,tan markedly improve the output per person.

The ,synergistic :effect of qpmbining different '(arms of techr:ology has also been inve~tignted

{R.P'.H.WiW~. 1989)':' He s4o~ved tl'ui the use (It hydro . powered equipn!fi\n~J backfill ,!tId tracklesS
~ _. .--,':- - - ,- : -'< r-s: .:-',-:-_<" "
..mln..tng,-(',f,M~)J;o~~tllet~,J'tingle. mining system, ¢'o1.\l.dsign.ificEintly affect working COfi't, capltst

cost 'and, revenue.

Th~s~ ffi,ctprs were not fal..en into consideration fOr comparison purposes becau$e the mines are very

shnilar i~ th~lt, application of new systems and methods. Future studies may well take into acoount

{J1e"degr,g;etQwllich backmli~gj hydro~powet an.d non-e~plosive rock breaking technologies are;
,,' _': '! - ,_',

GEOLOGICAL FACTORS.

The presence of faults and dykp.s. whIch displace the reef or 1m.

turally inept rock material, in the immediate hanging or footwall

productivity.

A mine such as Vaal Reefs, which is plagued by faulting, wm have higher 1,.,. ~,_

'IS ,"'..... .'3 stmc-

Ie! pro-

ductivities than other mines which do not have the same adverse conditions, an other things being

equaL No cognizance was taken of this factor for the purpose of the comparisons in this survey.

Instead, it may have been casered for i; irectiy in the de .....elopment layouts, where for example, the

square metersjdl'we]opment meter are the lowest of aU the mines.

UNDERGROUND .sORTING OF W:\STE ROCK..

The sorting (separating) of the waste rock, preferably as close to ti'lC source as possible, has tremen-

dous cost henefits. This is documented in various Co: .irc re:)ol'ts (A.L.Hinde etc,1985j1986). These

Include mining, transport; hoisting, crushing. nli1ling, filtration I extractlcn and tailings disposal

costs.



Tn:!) ~~3turc.of the .po\ver and water sc:rvice' supply systems tlan materially bEmefit piod\lction e!'forts.
1; ,,\ ,. "\ ,:t-> ',_:-':"1; <: _'. _' '__ ,11-i'; - _ ,.:,''-' "-",_,,, ~,:,,-_-,.' _ _ ,_': _ _ .' <

The r,lfilw43r ti;jchnolb~t.ies, !'uch as bydro:·power. provide attrnc:tive altern3t1Ves to r:lectricity and ..om ...

ptes::lt.!I(fair. Ttle high pl~ssure watl')tGltn: also 'be .usvJ 1:0 assist cleanIng (wa~Gr jotting).
;- . ~,- ...
',' " -;

'l:h~ 1~\gtst.k:Sp!ohlems U'lisodated wlth;u-m Pl'~vis~onot' men, matel'ial and ~quirnnent hlto a ~Q.tivenw

. ti1\'!-~i\'lil~.r.~,~~(\i~llit~st,tJ., cQtmt'Gr f!OW'G~JrQcJ<)'hu.ve ~een dealt wit!i. 'The: pr()tllsI~m rf b,mer material

i~i:!~dl.i~~t:ffn.cli}d13S, SU,Cll:~; pverl;aeat! ;n~tnorOl;e (,r m~norai1 systems or (in thE} C3IJ(;lof tl:ilcklesi!

.miliing) 1.I~ili,tyvehkdes ;~an. tJve~'~~me,ti\ese, ptobtems.: ',;> ,-- ,;_-i",' _j ';; ;'-"'" ,.:.~' "J\ ,j ;',

. l~r~~lsion (1t'{;ot)lal'~H<:'! ~tave~~~l'lg·'.'IlU~fl·fot ~en and YrHW'!rral can materially assist efforts to
. imj,.l1~i:wo P!'l.?dtl(:h\)'.ity. Tho U'..\!JI)f J;md,fit~~;:tan hfwe a' m.l.t:>l hnpact on pl'Odlttltivity. TIles!; aspects

'1;:) - 1,'

we~<:.tiht an{i!~lsed 'tJ.e irifp.nnritl~\,nwas not obtnined.
,- :; \ /./ > ";',' l

'A'l\';ll'lO: AND MO'l'lVATI'ON.

f~yJmp~'(vrriUB 1h~f1.i;;' and lrtot~v~U~Prt(.If i:he supervisors and worl,ers major improvements can be
~chklV~'iir The:'PUY\\\H;'altof, adGJQuate and w~~n structured incentive t04'luse~ can. be a powerful stimu-

11j!H~1'tho,wt1d'-f'O:i:ce:. One·mu!!t lise tho fOteg(~ing) to temper the conctuslons dro.wn, when compar-,', - ;r
ing the j:itodn!.~d'Vi~ivstatistics of the differ(.mt mines, in terms of the dlfferences in the stoping and

,clev~ldl)mcnt k\yo4ts en1y. These ~\Spect3were not anaJyserl because of lack of information.
,'-~; "

..~~heseinclude go~.ernll1l:rtt interventi~~nand tmm:iolll union activity, head. office and industry con...
tdbutiOllS$ socio~pplitklal pressures I >$ii1virOllmeraalobligations$ which list is not necessarily COlU-
rmmensive.

Capital expenditure, such as that required to open up it new extension to the mine or increase the

rate of production. can also affect the profits of the mine and ther(;fore its prOductivity.

DEPTH OF MINING- OP:ERA !IONS.



c_)_

The grt~~ter the depth of :mining th.e higher the cost and the lower ~he la~our productivity. This
~' ',':' 7," - l :,' ' '" _' _ 1 '. - , ,

would S:altlll togicai dueAo t1)f~Inora ()oIDplex inrlastru~tHre and the more adVel'se the workin~
.' I' , ". ~. ,_ " " ,', ' ,,', ;- ;.' ',. - " ',. -" , . ~:;._',. : ' -.

conditions (t~;~pel~atU1"ennd !:'liI~s~,ur~).How(i,ver: er.rvirorl.m~ntal ¢o:nditions{:~i." be artificially'

i!:ilptoved and ruck Pl'i:ZSUre affe(l,ts ~an:be a:tfieliottlted' by gOi:1d toek engineering practie.,es.
c-. c, !, t.\. '_,,' , '''''' '.

'j:f,i:e\m~$,6.11 S!~'(jV/Sthe rel)1,tlooship between d~i')th Ilnd PX'Od~~ct1vitYand tostG 101' tpe sQlect.',?_ -" -""---,__", "--'{.'\_'.,-~'',',-,"'--' ".' -,' _:','-"._.,'~'_, , .... " ,:", ._' -, (.-,-'",:, ,."~raupot mJnes~ 1;'ller.e 1s an ~rn):lt'~nte?rl'elati~n d~vers~relatiol1ship) b(?tween depth ~t' workings

~nd t()us"/umlergrt)1.tnd.jnicrt6t.a~ enlplo¥e~,In terms <if tn~fQl'tlgqing argument, one eM ac,cept that
" " , " "",*_, ','F ,!'r.,i'_ _ ,.;,_. -, <

t()gkaL'~nere l$ t11s(}appii;!ently~"an invex:sorelationship between depth and square meter~
.. :-- "'~ 1 • " , ':, '".',' , ' .- ,~1 'to " ,- :', • ' i:> - - ' .'- , ' ; ," , " ,- ~

st&\'eJl~bm()nt I!a~~eI'. is ~lso lor::iprd. asinter~t0velspacing may 11l1'veto' be reduced ,to' ncoom-
.,'H\~(i~nt~st~tbm~~(;'pm(~rs,( :E~J(,toof ~uldW~stemD~ep teyels).

,. " & .... "," SJ"',""· c- '" " ,... ,.',

,"':'Th~\n,l.,i,s~jt~tl't~rfl/~£'h~~',c~~~el~ti~~1b7~'veeq ~e~tn and stope eost/~a;n and cost/ton ~ illea in. the
J~~ueol';1i'EtOuP'~ \111,1~~1,~;'~1s~~emS pede.'Vtly lcigical,(Figure 5.6.11.1.).

Ck11hCi)l~audl.'~h;fl:!fdro th~hvlth?J1cl'easingdepth Df workIngs. costs will increase and labour
._r; ",' ,0-_0 '_, '" fJ' Q ,~ .(/:tI,C" ,"_', i:." -.' ,"" ::" , ,

":r:)l'olhICthdttl;~ l,itl!l def.~linc.. Q

L' :'J ,;" • .; ,")

rm~ep, ~<l'MFPlt$r~l~';'
e,' ->;::.~) ;j ;!', "," o

ir' 1 __ "_ '

~Vh(:!t'i1;1r!th:l~ ln~j~r)f~th!~';\cdf exceeds. tha o'~Ble of. repose, the broken ore mevss :undef the. fcwce of
'c ,) II" ' '·;i

dhAY~'tll; l)lie, $i~tonldt~a~ito possible savings in lat)otu' CEg winch drivers). On lhe otver hand, cer-
;f;:11,_ :, ","

f1\i:~i)llhs ~eCml\e more difficlllt (lZg devSllopment . ~ steep raises, sl11}port of I~topes).

l::'irj'Li~'5.{;.J1.2. rOl' the select group indioates iii direct l'olationship between the dip of the reef and

~tons/e(*~ptoyee.This 'Wo(dd appear tlj oorroborate the logic of the prececUng J")!u·agraph.There is also
~n indire~t reiMionship ')It1th stope cost/tOft, which is also h'lgical. However the size of the sample is
SIDHll lema .the results are by no l'lle(1nS conel"'5: .e.
On thq; other hand, Libanott is the only 1!'ine where the average dip exceeds the angle of repose of
~,,'I'ol<'enrock an.:! it has better labour efficiencies and Iowet' costs than similar mines.

figure 5.6.12.1. for the general group shows no nf,'parent c01relarioll betweeXA the' dip of the ruef and
product.ivity and costs.
Another explanatkm is th~t theca is only a small percentage of mines ill the sample where the ctip or



wr:sme? ~G11 .2a~a 1~$,11 11.1'16 4<1.17 14.411 44.09 113.14- 20.S!) SI.'.tS 19,!)1
IDOORNF'N 2S04- ~a,?a i$2.7!i i(1,:,r' 4U.ae 20 •.m $1.G~ 67.14 41,~1$ 21.e2 'n2.0U
'I(LOaF ~~ 2:\\1lJi 17Q.10 Ul9 00.07 '14.(1'1 ,srI.ta: 00.7.0 1itl.1G MA~ t~?!'$a
OtEEU(R'L 20011 2~~~ 1!lIl.Oa 11.00 ~~4 aa.4a ~.()fj {tiJ.135 2tJ..l!8 32.\'i& 21.1.1:11
lEASl'OliIe ~f.l<lG 212$ '123.011 9.42 44.14 111.$8 GO,tiS 11U1 sl1.sa ;M,St' rtf:rr
ELANQs'O 1!O$1 a'Wii 1S7.I.1S 1Q,2G. f/,ll,i'4 ~G,Ol> 2UJ4
VAAIJlSeF Will;): ill,S 141.47 1Z,jW 00,8 1:J.n 4-1.74 2!l,El6 ~1.(JT
UI;lANOI\l '1811.i i~?i:i 1$0.41 14.44 G!t7S 2Cl.4S S{).1~ S9.$U $.$ aa.w SUJ1
?RESl'JRAN 1m''' 1U2J 1Co.ot 1~,~ !l!l.OO 1i).n.a 34.00 48.0 3!M!; HM$ t!e.51
!~INf'iO$S 1t:® iG?G 101.013 10.40 'n.os SSA4 2G.08 00.65 $$,93 ~o.oo 2ti,~1
WeSTt'lAI~ 14$:;1 1375 14$,(1:)) i'l.fia 4:t.oa iO.1W ;:'1.14 71:j.$4 ~1.(31 $0.14 2:''1.02
S'fl{EI.eNA 13119 f:31tl 14a.71 CI.I37iS 34.0;;1$ 21).91 00.43 ~il.('l.3 60.23
Wt;S'IHOlJJ 1f:1<OIl 1~1$. ' t~7.a$ 1J!1 ~,41 22,2 GS.4S 00.29 27.M ae.ol;l
WIN~(el.·l{ 1121 11t~a 121.1)5 15 a1.S ' 20,e4 2U $$.:a SIJ,oa 21.4 it.a
13r:..:(l'Rtl( "197 1;)75 11E,l,3$ Ht14 24,OS
G.R'1VI.EI G2~. Q2G 1~1.21 1ll.$1 2D.1,'\;il 17.09 14.'1? tl$ JU).OO 21.a1 21.4$
SflACl(!;N es!2 G:la ,10{1.$9 17.75 51.19 04.01 01.12 au!) 35.07 42.67
1iVROONS 4(,)4 M£l 11'.i.44 ~.1 OO.1l ~(I,G4 22,48 42.1 ~9.B1

D",pu\V::iC~r,trron .millQd.
. l'Io£l7Ol>lilMOutput:

(lonWl.Ylt
Std Err ofV at;~
RSquntor.l
No. of O!:iOt3iVcl!Onll
POStoao of rO:;¢dom

Dopll\vo sq1\1iro tl1~t(lrtl/m¢j)e emplt'.)},o(i, .. ' i506tl1viTonlii/SIOf)O Ei'ilploy~.
FlogTostlton OUiput: ." . F!;ttgf<l!;slott Output.

oo.041l:ltl (lOIl\'JtQl1t 1a.O$~32 (lollsfrmf
2.1.02$00 S~dErr oi'f~!)t 4.toas34 Std ErrofY 1.:;!lt
MilmG f'Hiil)lll1lyod C.11oess R $quarOg

ilQ No, <lfOb£lCl'/ctlollO 17 NQ,01ObsarvctJol1£l
1fS O~St¢l)llafr(oo®m i5 DO($'oollofrroodQm

ConGtcm~
Std arr ofY ~$t
flSljll£'l.ca(f
No. of Ob(;ol'lrulo!l~
Of)gl\'lem of rr4;)odQItl

27 ~~eas COMto;nt
a.215$O'6 'Sid Err of vest
0'.1441101111 Sql.lllrqd

t 7 No. 1,)10bsotlla!lona
, $ OI(;lOr()~s1)1Freedom

)( OOGlih.iCllt(o) o.oOIl'lG1
Sid Err ot eqot. .. 0.002064
Dopth va TO!1flNdg.EmpItlY(l(l.

l1ot]rlltl!lol'I Output:

....a.0()$61
Q,OO\1!SQ2

OQnntant
Sta. I:tt 01Y tnt
f\Sq\lQred
~o" of Ob(\srw;!loM
CaStelliH'!of FI'Qodom

20.103i:J$ QQl1atarrt
6.4Hltl12 Sid f:!'!'ofYEst
Mt13f)~ RSqUlltotJ

17 No. (lfObool'/mlQYlIl
Hi 00 (jI'lN'iSof FrO!ldum

~( CQof\loicnt(s) I),0(l4S51
StdErrofCgof. .(1.~121
t:;J)Pf1 vo TonQrrQt.~mployoo. ';;;;';"'---"'1

Rasros6ion OWput:

0.000911;)
O.0021G7

2(;,51S65 CQl\Qtant
15.395079 ate Ell' of 'I1;$1
O.OO!Yl64 A $qum'Od

14 No. ot Obnervdione
12 DCI!:Jt'tlGI.1of Froodt.lrn

)( Ooo!uc;ilml(a) "'O.Q!lSllIl
\,;;So;.;td;;,;E;;.;,·ti'....Cl;.;.f ...c::,;;;.;oo;.;.f•.._'""""'_0_,O ...O""'2;;;6!'l4~· _~~_

34.40224 C(lnstollt
(;1.11$:111:1$Sld!';!rt of V ~ot
O.01m3 1'l3quarod

14 No, Of Oi>l)PlVllllono
12 OO!lrouofF",I.\(~OI\1

XCQoffieltnt(s) 0.0014$.$
St~ __ .__ -.=..o.•OO$$a6 _

X 0001"1)1001(1)
Std efl' 01Coot.

Thoro .aPPQtl.l'll to bo n ~lrIy strons l;ofollilitlOI\ b<!ltl.'I'90n [loptn !lnd Stopo east/Ton.
Thoro OPP!l11l'ilto bll C1wOl;lkl1l,'corollation botwooYlDoplh .'lntl COwrQt! MlUod.

[~
IUl tr.• IN ....,0 r ''I i.a ht u t u: it .. ~a i.(t

~'~i1i:"l

ilif,tU15es
'6,'/'St}44
t),()400(l1

1tl
1*1

G1.100Sf
€J.OSEJ3fi2
O.~375it1

15
13



11.85 4fMi' 14.4S 44.09 76.14 21;1.58 2'5.13 1tUl7
13.37 4S.8a ~.4a 31.62 PJ7.74 41.S6 (!.7.6~ ~2.00
'(;139 36.01 14.01 ~,1a 39,18 51.i'1Sl :;!3.49 19.$9
11.00 64.24 28.43 22.0S &i.S5 :a9.25 32.$5 as.fill
!M2 44.14 ie.sa 59.liS 7'{llll SO.S3 34.37 :0;11
1M6 GlS.74 2&.09 2Ul4
14.M 62.13 ~/J.4a SlJ.711 59.sa 35.SS $9.11 31.01
11.G9 47.00 19.5Iil ~M4 76,54 Si.er 30.14- 23.Q~

XOoolfle!l!lnt($) 0.0001
Std oe.i..... 0.0241
Depth Squ~l¢teroJOoll,motot.

~9r\')sslon Ol.ltput:

69,O'::~c8
10.79M!>3
tt.OO0144

a
6

X OOl!iiflelOrlt(e) -O.O()11 x COfilfflC;iO. I'It(. <I) . . -.. 0.000.' 43.·. .. J
~tcl Err 010001. .. Oi00247 Std Err¢1Coo1. , . 0.01 H~S5
Oopth va .stopo~o~bVron,. . '---+=Oopli1'Vo TOI'l\l,rDbv,Employoo. -~--

~9t.w.,(\lori O~t.rtt Rb~rG$sionO~Ltt:
28.&414 CC;tlo1ruit :as.soes Conau,mt
4.13090.0Std!;tr ofYE\>t 5.059132 $'!d Err o1Y .est
O.1~.700 R Sq~C!tG,'d !),14904. RSqlJ$1l'od

7 No. of Obectl/('.tl!ontl .,. No. ot Obsl)l'Vatiol1O
p Dogtcro ofrrc;;dom is OcgI'Ct;:)'JofFrc~(im

49.291e Oom,:tant
4.73165. ~td Ert Q~VE$t
0.$7851;1F!S(ju~Jcd

'1 No. of Ob~arvliltlQl1s51Oogre!;i$.of Frocdom

.lx COl:>:~it\nt(a) , -a.ooseo
"StiErr ot~"'IO:b_H.~CJ_04_~ -.-----..--f

COl'\suu,t
etd Err ofY Eat
f1SqlJ(:lroo
No. of Oboor"'iltion~
009rw:~ of FfI~odom

X Cot!)f!lciantM -1,),00190
Std Err 0.015592Oopu1 \It; ot.ri:mploycQ.

Rcsroo!l!on OUip~lt:

0.00512
O.0D5*1

va ono/lJdg,F.mpi<>yoo.
Rsgr¢ZlGIOI1 O~l.It:

21,$033 constant
11·.0404IStd etr:01Y eo~
O.Q6S7S IR squwcd

'1 No. of Obliorv<!lUQI1s.51Dogroes of F'roQdom

X Oooffiel'~nt(G} 0.0071 X Coelflcl<mt(a) -1).otl99
rS:,:;td:::..;;::Er...r;:;;of~O;.:;O~liJf,,-.__ ,_ __g.Olie ,.............,_!SUl. Err of Co or. tl.OO5113,

Constant
stcl err of Y Est
RSquaret!
No. ofObs(ll'Vellom~
t:tsgrl.!:es of Frc~dol\1

::r6,02!l40
4;053897
0.:;),05163

7
5



MINE

LIBANON
6RACKEN
1<t.OO~ .
WINKEL'K
l-RSSSRAN
OeEUm'L
bOOANF'N
E'ASTDF.IE
WESTDAle;
WSS'I'I.')E:EF
WRCONS
W!!S'l'HOU:
KINROSS
V.'W.REEF
GR'TVLEI
SEA'mIX.

1130.41
10~.S$
17S.18
i21..0S
100.01
106.02
1132.113
1l2S.Q3
14!J.S$
123.11
1$.44
121.::13
107.00
141.4'1
121.~1
11e.~

14.44 Q2.73 20.4G 3ll.79 59.S8 3~.3S 30.17 ~1.61
17.'75 a~,Hl 3400'1 31.H! 51,19 35.97 4~.a1
1.09 ~a.07 ~~.O1 3S.HI ;:J9.7~ 57.'l1) 23A~ 11\1,$9
15 OMI 20.94 2i).2 GG.2 ()JO;(I~ S1.4 1tf.D

13.2 5$.03 19.be M.OS 4a.~ 3tl.21 19.13 ~3.a1
11.99 54.24 2e.~ 32.05 as.l.\l5 2~.25 .$2.55 ~1t!l1
13.$7 41:1.$$ 20.42 3U~ 57.74 4M~ 27.62 2tl!.3~
gAla 44.14 1S.30 $~.G3 72.37 30.£113 IiI4.S7 '41;77
11.sa 47.08 19.$1$ $7.14 1G.S4 $1.37 ,$11.14- :;1$;02
iUS 41M7 i4.4a 44.09 78.14 2$.5$ .~5.1:i; fi3.51
~2.1 $S.S ~a.a4 l!:t.4S 42.1 398t
7.21 31i.41 22.2 sa.lIs 93,29 :a7.US ~I$,m~

ll3.40 'f7.SS I,J~M4 !la.oo GO.as saaa 30.5!; ~5.3t
12.21:; 5a.a 13.& 41.14 2l(1,Sa tl1.l37
a,31 20.4il 1'Mtil 14.92 as 3~.Oili eM1 21.46

1(M4 24.95

Pip of Reof \I'J SquClfItl Mot,/stQpQ Ernp. Dip of ROl>tV1l TOtlS/ste;:iiO'emp.
Ropr(lsslon output: l'logreosloll ()I~lput:

WMe06 ConBtMt 11.21370 Const.'ll'It 41.04$5(;1
~.8194S Std Err Clry· Eot 4.4a207~ $t4 ErrQf Y Est 14,5OO1e
M31<W7 r:I,SqUOl'Qd 0.015493 l'\$qullII'P<i CI.011469

113 No. of O:;!30I'V!IltlQliO 1$ No. (If ObiSol\lat!ons 15
14 Oogrwil o~FrQ¢dom 13 009rooo of Fro¢dom 13

Dip ofRoafw cOQfiTon Mil od.
R¢ltttesolol'l output:

COl'lGtel1t
$td Err 01 Y Etlt
rt S'!juaI'od
No. of ObootVallol\Q
OOGr~o of Ffo~dt.)m

}(COOffill(Oht(O) MsOOeS) , X Coofffc!ont(ll) o.tl710Sa
Stdl:rofCoof. , 0.712451.1., ~SttlEfrQfCQOf'" 0.157096
0,II' 0,1 iloafw Sq.MtltlOov.Mator-,, - orp"OfR.Q,"fW$t, OPtlCOO@,on,'

fiogfOl:;oion Output:, Rogrt}ooien OIl'41ut:
COMtMt 19.113~5 COI'II>lt.1nt
Std Err of Y :et)t 6.M109S atd er~(ltY Eat
R Squared 0.011009 RSqul<l'od
Nl).010bl:!arvcttloNl 16 ,No.of Obo'f.ll'V{\i!ono
O'llgrcoo of Fraudem 14 DogltfClt:! ot Frol'ldQll'l

x Coof{lof()nt(!J) 0.104904
Ski Err of Coot (M~06l?11
Dip of Roef \(1), OoV.Cooliron.

'Rogr0lloioil OUlplt'.:
OI.Hl!llrmt
Std E:rr I')f V 720t
IiSque-Iel;!
No, or Obool'Vntiono
lJogfOO!l e.f Fr.nodom

X C,,;sfflolont(s)
Stc! Err 01 Coot.

O.I!?'!}S11
(l.~O!li11:z

~,Ooof\loIQnt(o) O.19i'~,ga
1St(!ErrofCoaf; O.S002l1L__
Dip ofR<llof\lS Tong/DoY.Emp;

flegr09(lICl'l OtJiput:
27.4001:\7 Col'lstMt
...·SlU<427 stc! err otY Ellt
0.060013 R SquQI'od

ie No. of ObpaFVfdlell1£l
14 DC:lgt®!lot rtaodOM

28.01202 COO!lto.nt
7.91'0103 Std errofY Eut
O.07l93~i' R UquClfod

13 NI).01 Oboorvl:IllonfJ
i1 OOgYc4H3of FraE)dcl'l'l

X Coof\l,~loni(s)
SId Err of Ooot.

0.1344$51
0.225916 _,_ .........-1

0,071651
0.2233S1

213.6116!! CQnsUltit
5.51'18543 Sid efr Qf VEst
1).(!OSMa A Squru'!;!d

1$ N~. (If ObsoFVAliono
11 Oogt®IHlt FroE)dtml

X Coeffl"lcr.~{!1)
Stcl EI'v of Coaf.

s ---n
it~~I\)V,1

G ~ ~ • • • R ~
I\WO""

'~r----y-__-~J
~ q ~ • • ~ • •

Rt£;i.Ol?

-,,~------

~1~4
u q g • • • $ •

" .. ",nil'.

r .J ~l
IOl.""!I---:'7i"~_"~$-~t<l--:.;--M ... <II

1lW0'fr.

.-----------------------------

i'a,c~a$
14.43776
\1.111013

14
12

10,0191\1)
0.1 GSOGj'
j),1G236a

. 14
12



, . "" ~'~ '- "' 2i]!i':3~~!J£:3A
.~il!r. ...1~~LJm1.Ig_Mti. _STO.Ei\,:f.:...pEV.MET·..JJPN (ffl. DeV~1p. /tON (ffl•. p0l:ii:eMP. TOr.I:Mp. I

.all 1:iC>41 \"14-44 ag.rs to.it!!' ~i).'1S i!M'l~ 35:1'i5 39.17 $1.61
3Q . i1S.7~ , i.Oij ~G.(l1 14.0t 30.113 $~).1G 81:IS ~$.49 19.60
Pli. 1M:Q~ ;1:1.1:19 tl't~4 ~S.4$ 32.(15 a8.05 aM(i 32.$5 il5.@i'

1'1!4 -H"~.1il 1~,:3~·. 4l}.ilS 2U.4~ SU'l$ 5'1.14 4i.S13 27.a2 2Z.3G
'22 .,:aill.fJil !.1.4Z 44.14 'Is.sa 39.53 72.37 30;)fl s.ut. '2.7.77
23 f41.l.~· 1'1:l:11) 41.03 1f.),eO ~1.N '18.34 $1.::17 $0.14 2$.02
.'M U!1il.j(1 11.!.U;'i 40.11 14.4il 44.0!.l 73.14 2S.68 26.1:3 1$;1:11

cfr'1dOf1Jai:i91tff~iiffi'r--'- . DIP otRoefW1tql.1~\) Mot.!$wpo I;mp,- Dip OfR.,ofvtJ Tonp/St"p~-
.' c. (;jQt!I'COi:)I~'1ouiput; AogroolJ!¢l'l OUlput Rj1J$fll'll::!lon OI~IJf; .

. 11l!Mi741 O!inOt(!\llt U.sa076~ Cl'ltlstaHt
i!4.eG12\'J Std Srt CllY Eat ~.41tr7M S~clErt l.'.IfY~!)i
0.041111' 0,007094 R Squlltotl .

" Na,Qf (;)b$cil\lcllQi1~ . 7 N~, of Obsorvci!OIitl
f;i OO(jr~s 01Froo.(ii}r.1 5 OOlJlre;J!1of rr¢Gd01l'l

X (foofflQlont{a) O.097$~1' X e:P{)filoIQn~(lii) o.a2';43~
~ +SiEtf':-t.l-=E.rl'''' eO!\?L-___",_J).1a24~~. .,:2.~rr.!lJEQot. _', . ,_;:.:I).:.;:;.S$.:;.:.r;;:':'''"~~;;'''''_'_--l

Olp 1)fRootW $tope CI.1(,lVT.ort. Dip of Roof lIS Tono/Dov.Emp.
. . Ro~fO(l!',lol'lOI,lIj)Irt: I RIil~rl)i3$i¢l1tMpllt~

1e.30411C~I'I:ltMt . 47.ei1~eCoooi&nt
l;l•.24~{$ $t~n:rfQfY~Gt 4.663159 StdErrofYElDt .
(l.OO2$'~1'YR SqtlOJ'od O,2112SS FI Sql!~¢d

1 No.Qt Qbl)~rvertiono 1 Nt!,ofOl:.li:iPIVClilon;;a I:'Qgr~sotFrootlcm $ pogrOOG(lfF'r(loclol'll

}( OQoIl1elont(o) O.t)4OSi~ X Cooh1QIt\nt{n} -'.M~4a x coof6oiol'lt(o) -1.343'19
c~_~, q.~S2114 $~EtrtlfCI)O~. O.31?"s70 SiQiiZtt O.7aSOf7
1lilf D~v.CI.ll)VT(;l~l. .,;.,----+=mp l)fAOOfv;\\ "!"Ql1o/Udg.i)mpl(lYoo. Dip (It nSJTob:\ll;rtlp!oy~:---

. •I09ro~~!~hOuipUit . ~cgrosllion OU1put; . l RllsrOoolQn Otllj)ut:
. C4)nntimt .' " ~4,l.1ItwaO.l)I1(;totrt 1~.S1i~1$ COMUmt
Std f;!rr !)fY ~,1t' 11Mat35 Sid 1:i'I' of', ';$t S..32!;!104 ~!derr (,ltV Silt
.RsquilI'lld 0.15$2131R SqU(I(Qd 0.213503RSqIJtJ!od
No. ~1Obol:)l'Vttilonll 1 No. 1)1ohIlGIVflt!OMt< ., No. of Obsorv.allol'l!l
O~(lr~o$ of Fr~otlom Ii Oogtt;):;)(lOf F'rlllodom 5 Oogrc:)s 01Fraaclorn

X Coofacl(')nt(~. . O.f>1®G3 X CoofllctMt($) 0.4167$0 1x Cotlfflokmt($) O,~a7$07
Std I$rrotCMf. ._......,.1'1;:.."1;.,:;0..,45"""'3""'·&......._. _ _.Jc.;;:a:.::::~""'E:::.I'r:..;l:l;;;;.1.;:O:.l:.(lo;::.:g:..:.-.-_~!l?ln!)".,_. .-',.::$.:.;td;..:;li~.Q.2.'l!:....... __ . ..;:0:;:..2""7;;;:613;:::2..£).' .,

, ',,f,d!

"<DTS
0.1.)41041
0.212764 ..,

G

\il9,SSl}2$
11.142013
o.sa14a~

'1
.fj

14.1ea49
4.JIa1GGB
0.21;)1111)

7

Jttr~~m~~t~OttttrM\!~'-x-J'-
10\> ...--...~ a • ~ • ~ • ~ • •

_dIP.

Figura a.a.1~.2

A~'j~fMjt~wr,

[S:c/~J
• ~ M ~ • ~ ~ • • •

'"t!'tJiI<.

~ • a MM. • • • • •
AW'Oll



the r~er cxcei;;!d!{the angle of repose of brok~n ore, The coriclusiotl to h8 reached therefor.e, is that
- _" - <, - "i,-.,' ,_ "J.'

tlwl'e is no ~~;l'levidence to support· the theory that G~e~p'£ydipping teefs are more easily or chen ply
" ~J ,- -:

A nli!'l.e~hich {~stl'uggl~ng to stlt."vive uA'likely to wast;: motley on nOllwGSSt:Hitjalitems. It r:~ay
'I"~ '

even 'gQ:'S(): fur as ro reduce Jh~' anwunt ,of develo~~ent 1t' is CUfl"ently \:l!\derta!dn~h in the hope that .

it erm i~atch up when'\the, pdce of it~.pr6d.uct Iml)roves. '.
r • " nl/ i _c - :

1;lii.';,nq,.f;; r.esul.\;is ti')i;?,t SUCbJI- mine emploYs ~:ml~~uf'flcient laboul' to keep th~ i:;o\14~~'Qn going at

1i~f?diJslred 1$,Jbl,u&d pu~\:hase8 O~'Y the min.hnum of equipment, preferrin,g to salvage as much us
i, t-, --~>:<Joc"',. q ':'.... " ' c '. ..'.: '.:' ",' . ' .," "

nbssibi!'3 t"ro.r&tl1o,seworldngs which are not' requ~red imme .!lately. A higlfer. grade mine on the other
<\ e ' .''''','''':, ! ,~I;;-. ¢_-'" '1 Q",';\,,:;.",' ,_ , ""__ ,,',' , '

" hand: '~'(H..\1{f t~:t/li3i~t:>fi.n4.'money ahll)~'1dof time"if th5.s /Jan Jead to future or long term saVings, It
~ 'Ot>,.;'";",,, ,.-t';_-:~~',. ,0,-::,-,: '. :",'" :~.(I ij, ;." '" ",'r:,,' , , .

l11ay,~~t:$cCl~~J;j'e~~,~Hhe~mo~t.ofd~vl:*)Pnt t to improve access to the workings (ie less square

m8t{:~;1/t:h;\\),j;'l1~~~mentmeter, ..
"':t

C' 'b, .".

w(j\xla (,hel'efor€l 'ar..pecflower h. ;f prOductivity and higher unit eests em high grade mines.
q" " ,.. ,::\;' ;:,~\: ,:'"b":J ";~"':~ :_' .

c . alLinber rhinglf,l~emg equnl; ,

re S,6.l~:~. ~hQ\vS that f\:I!: ~hes'elect group, there is in fact a stronginverse correlation uerween
?' . " " . 0

g~~ade'~f~r{h.\l1dsquar~ met~rs and tons per. employee. There is also a fairly good direct relationship
, '0

.bf.:)t\v¢en ~rnde lin? costs (per ton mi11edl stope cost/tOll, dev.cost/ton).

tb\',:r~iis also ap~arli\nt1yan invetse l"elartolJship with square meters/development meter, Figure

»~.(1J~~.L?OnfirIDS these relationship a general group ormines. The general conclusion there-

~, fore is thatthe higher 'the grade or (,llY udued the hlghel- the unit costs will be and the lower the

'level of' labour prodUctivity.

ENVIRONMENTAL CONDITIONS.

The use of ice and chilled water, to cool the envir(\!lment call vastly improve hUl1'UU1performances,
in those areas wit?l. high virgin rock and wet bulb temperatures. With in<m~asing depth of workings

nrtd also a change from OM mining district to another, there can be an apprecin.bl~increase in the

Virgin Rock Temperature. This Increase together with 'Varying degrees of h\tmldity~ can adversely

affect labour productivity, The remedy is to increase the flow of air or to COOlit down, both of

- 2'1 ..
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'~wh.ich~reeXpeU!:Ihfl(il, '(;:1ne,would, 6,~pcCt the'titfore. to s~ea de:pr~ase ~n productivity and an incrense.

, in,.~os~th. ~~"'''l~i vi~f;l.r~ ~l>~P.[.,;;;~"\..,~b~lb~~'. dj"',e••• l~.wetkat. r.'d~.~i.The
, effect of"~n 1!l¢I:'(l:~Sl;l'11'1 fa~e veloo~tll;S iii hl<;ely'to be l~s.s'eVIdent.

" ; ; ""0

5

::0'\,;, ''';'''~'''(' '" '~' ,'\' . ',,","
Vil'giI;arocI~ t~~peratlire~' '! ,\.. \, '

.' .., '\, ,:1;1.\ ,'\~, ,,'.'" ' , ,'\,'

l'U,l.;tf¢t t~e seI~*' ttl'QUP)~~iQ~JSS~~t there is an apparent correlatIon between the VRT
p,- '< =. ~\' ',«_,,;:, ,- ,",t, ","" ".;' ,,' '~I _ ,l _' ' '_'.' \;,

~hlq~ht~. ,~ 'r' yee~As e ed, tile ,i~lati~'flShip.is~hinverse' one. There is also apparently,
'~,,~,_ (;- .. : -0' ,: _~: _, ;',';, ,",~ i(i,_ ,', ';':- ,,:,"\, .:- _ ,'_., _ 'ill, :.,', ""';. _ .." - _' ,_',

::IH ill\'(.H:!;l~j,rpl'ltionsJti~\bet,wee~;'VRlr ancksql.l;.\re met:~rs/d~veIopmen:~ meter. Hotter n:tIties t~quire .
;J ; '.:' '_ '" \: '-' ~,,- .:',;y_: "<"_~:.-._\;_" ;':. ,_.:'_ '.' __ ,',~:_~,,' _ ',_ ",:- -.

d0'VC laV(H)tz. to. r~"c.onditibn the, air.
r..\ <r,. \, •.~ , , -,' - -. .: r.::;> -",_' .:! '

"c , r~tJ'!J808eri~£.ai,r,rQ~prih6IiJS,~ ~~ri-lY~OOd'cart-elation ,b,etwfien the VRT and the costs.

" :aht~~~l~l!~~;1S'~sJ!f,r~ctoi,~.= " 'c .

g(;neMl ;~(,mF:it!:Sion it~ef~f;re~\_fS thunO:~()ux:,product~'\~ty will go down and costil will go up with
f, •. ," t\ y, \'

~F" <\ _'.'_ _ ~< ,_ _ :' ;_~, ,'<, '\
l:ia!!~re ''C~.11~Cru!;wC)n!ll:1,'1er'er eltawn regarding ~DePtllof workings" (section 5.6.11,). It would seem

~k'l;~i(;araOWQyer tuM ~iltl ~ft~;r:/or \;~~C c~us~s fur .lower productivities and higher costs is not depth

r~\W";I~~but th~ "oftc'~!sof l~ciea$~d"del,ith~ l1lmelY increl;l,sed heat, pressure and travellIng times. The

;;,,1mi}C()tichJ$itu~s.';~etri'df()JI'Vn. earliElx regarding, "Age of mine" i,section 5.1),
',', "" e;. _, ',r-(;' <0" . "_',' ,i ,) .' , ":_' ,

:'!" ,is ~;;. ,'2

Wef lnltfJ tc.mr-eratures.

~iiglll:e ~~6.J4,2.~. (s{;Iect group) llldicates that there is ~ faidy good direct relationshIp between wet
" "-','.. G,"I\' - .\:t. i,'

''Ol11b li.!td tllZYstope cO!3~/ton.l"J.ere is an inverse relationship betw~en the temperatures. and the
~

lobour tlt'oductivity ill th~ $1' pes,
0." " \." "

·(h~ CQt~e!usion reaci'l.'Jd therefore is that with an increase in the wet bulb temperature, one would
o 1.-

".'",expect a· de'crease in )fnoductivity :md an increase in costs.
a ,

Figure $,6.14.,n,.1. (genet 1 group) seems to support this view.

Wet X<'atf'readings,

One. would expect a direct relationship between Wet j t~ readings and labour productivities and an

inverse one with costs.
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Figure 5,6.14.3.2 seem.s to confirm these relationsMps ror stoping and development, for the select

group.

Figure 5.6.14.:3.1. (general group) apparently does the same. In thIs case however. the correlation

between "Vet Kata and sq,m./stot)e en:rployee h proves markedlY if one t)xcludes Elandsrand and

Grootvlei.

Face velocity.

As expected, FiglJ.r~ 5,6.14.4.1/2 show that there is no apparent correlation between face veloclty

and productivity and c6Sts. This is also the conclusion reached.

FACE ADVANCE AND PRODUCTIVITY.

Various research projects (Dos Santos. Jones. Sluith\ have al! indicated that there should be an

improvenlent in costs with an increase ill fae.;) advance rates, 1'he savings accrue mainty in ventila~

don u::xdrefrigeration costs. Othe: possible savings can occur thro.ugh better uti11sation of capit~.l

typ ...equipment (witl~hes, ele(.;trical switchgear etc.) and better I;up~l'vision, The research C011ctudes

however that a major factor is the percentage of "10st blasts", Where this percentage is high then

costs will increase and labour productivities decrease.

Figure 5.6.15,2 showS that there is a direcuelationship between face advance and stope cost/ton

for the select group of mines. This finding is not necessarily .in conflict with the resean:h referred

to earlier t if we assume that the mines which have the highest rates are. tllS0 operating at a high "lost

blast" rate (Western Deep Levels and Elandsrand). Howevert there are tOQ few mines to confirm this.

There may also. be a direct relationship between· face advatlc"l and· tons/development· employee ..ThIs

may also, in fact be true as high ieee udvanee rates require that deve!opment be pusned1 parti(i\lw

larly in longwl.'ln mining situations. This ~ould lead to higher produGtivity.

Figure 5.6.15.1. apparently shows an inverse relationship between Face advance and Cost/ton roWed.

There is also an inverae relatiC'11Ship betw~en Face advance and Square meters/sto.pe employee. Once

again, this does !lot necessarily contradict the research findings. There h a dir~ct relationship

between Face advance and Stope cost/toOt which improves considerably if one excludes WDLevels1
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~Et.OCIiY MllL'S9 STO.fZII1P SiO.EMf'. I?EV.MEi. /TON (fi). {lEV,EMf'. I'fOi'l\Rj. V!?G.EMP. ,rOT.EMP. "

4.~ 110:1
4.2 121.05
128 152.7$
1.27 iOi'.(iIl
J.rJ2 118AS
o.cl1 1~3.71
O.S "'4{l-.8S
0.8 146.77
0.79 141.111
0.7 175.i&
0.6 100.01
M 1a7.(l5

a.54 10$.O~
O.s.~ 1e0.4f
0.5, 12.UJ(!
0.6 127.33

0.4\3 73,59
0.46 75.44
0.43 121.21
0.36 105.39

LESliE
WINKEL'l'~
OOOANF'l\i
KINROSS
SEArs!.,<
WEsro!::!':!!
WEsiOf'lla
$TIlELENA
VAALREEF
I<LOQF
PRSSBFlAN
ELANDS'O
uEELAAt.
UI.1ANON
I.t\SicntE
WESrH()Lt
SllLFbNT
WACONS
<:iR'lV1.EIBRACKal

15
13.37
1'8.48

11.85
11.sq
5.675
12~
7.69
13.2

10.26
11.$9
14.44
9.42
7.21
22.1 eaa 28.'64 ~.43 42.1 3$.81

t;:~J ~~:: ~:~~ ~t~~&1.r: ~:g~ 27.61 ~i::~ I
---. .. ~.a.~v.elo. a.)~il;a~~:~~~~~IStoP(\·E ..1!IP.lOY.Hare va.IQCI.~e:e~~~~~:~mp!oyall'.~ ...
11Z2.G621 COI'IslJ:wt . 11.~'l11a Cc(tslBht 43.1l,!;l121
25.35382 $td En DfY ~f 4•.293i19 Sid I::rt ofY et 14.$47~
Q.00015;; RSqllall:ld 0.00555;' A$qwlJ)(! O.il$7!'l5lJ

20 NO. ·01'Obs~~onil 171 No. of OI;l$6r\Iiltirlns 17
ie DagrEl,ls or Frel~(jtlm 15 OegrfJElG f$ ftlllldom 15

FItC6 Velot1lty 1I11oostlfOif'MIIIQCI.
RO!;lreselOn OutPut:

ConSll11
Sid ErrPl (.~
FlSql.l;lIGd
No. or Obs~tlOlIs
OogrElils at Freedom

GM 20.IM 26.2 ts.2 30.00 21.4 15.8
4B.a.a 2\1.42 31;$2 fil.71! 41.!ltl 2,'.62 22.35
71.95 35.44 28.()S (lO.S:; 33.!l3 :)1),59" 2Ml1

113.14 :;14.95
4M1 1M3 44.09 18.14 28.58 i25.l3 19.5'7
47.CB 19.:JS :11.14 76.34 . '1,37 30.14 23.02

$4.033 20.91 00.4:> 31M3 5O.~3
5a.a is.S 41.74 :as.lla 2UI?

00.07 14.(i1 39.18 39.73 fST.78 23.49 19.59
55.83 19.06 34,65 48.9 39.2.'1 19.13 23.51
00.74 ®.OS 21.a4
5424 28.43 ~:M5 00.1l5 2ll.25 ~.5S 25.97
82.1$ 20.46 OO.7e ~AA 35.:35 $!l.17 31.<l1
44.14 18.36 39.53 72.:fl 30.i3$ ~.C7 Zl.n
31M1 22.2 ~.45 93.29 2M3 l!((I.()6

Con$rant
StdErr orY Esl
RSqlPred
No. 01O~MtlOIl~
Dl3gmea of I'rnedlllYf

XCoemclant($) -0,20692 XC()st!'ialent(s) -1.0$14 xooemc!ent(~) 1.320063
Sid Illr aICae.. 1.901:.1tl....... +;:.St::::d-:"E'firr"".,a~fC:::;;o;:;;e:;:.f.~':":"n~2~.1;;::S:..24:-::.$:':-5t:-_~..-Hst~d""6~·rrof Coat. 4.794401
Face Velocity W O!)V,Oc,..CVTon. F<'ICllVel®ity VIl Tons/Udg.Employco. Faro Velocity vs Toro/Total Empl()y~.

Acg:esclon Qlltput! Aegf\'lse;lonC)U"<tJut: RliJgl\9s$}OI1OUlPIlI!
Constant $.14155 Constant 30.14731;; C()nstaot
Stl:!Err cfYE:st 8,761639 Std EfftlPI'i!6t 5.003H'$.Std er lliVe:st
R Squared 0.0290151 R SquareiJI 1),148095 Ilsquared
No. of ObS9MllOns 14) No. of ObliSl\Iltion~ 14 No.uf Oboorvatian~
Dagroos of Frood()m 12 Degrees of freedom 12 Dsgre(J$ ufFroodom

XCOCfficrent(s) -1,4877 XOoemct~nti.) -2.0i1'J2 XCllefl'lolem(s) -3,11112i3
~S~td~Sr,~or~c~o=e~~.~~~2.~~~.~1~ ~~S~td~BT~·~o~r~.;~ae~t1~.~~·~S~6~7 ~S~~G~'=ar~Qr~C~o~e~~.1~1M~~7------4

x e!leffiCl;.I\I(o) l',.a~52B2
'Sld·Err'OtCoaf. .. 4.0i'72g.__
Fate VOiOl)ity IX)Tl)nslO3\l.mn~Q' JI'l.

Regression outPut:
~1.57QS8 CUf10lant
8.7841$5, SW Err olY Est
O.OOO"!)!!R SqWlild

17 No, !,if ObsGl\':lllons
15 Degrees of Freedom

33.61101 Con$ll!ot
7.00155'7 StdEft ar Y .Est
(l.<J1479 RSql!Z!rea

17 No.O.fO~Mtl(tnL>
15 oagreol.t or Freadom

i~.9~1YVS rON'UOTAL '"PLO~

L ~L~.J
4l u .: ..r __ 'MlPuno(i'fy, ' t; d \l. 0

Anum 5.t),14A.l----- --------~---------------------

li9~77
t7.035(l9
O.OOl>875

15
13

2'M9594
S,72SS97
O.24911!J.

1$
13
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SllLI'ONT 12. 73.59
WJ;STPI;El' 10 t~.n 1t.!!d iIll.tr l'~M! 4~!)~ 1e.l~ ;:~.su. 2.G:,:1.J iti.';>/
WAeONS sa 1M4 2Z.1 60S ~aB4 22M 42.1 lIGlll
ei'lA11'lIX e 116.33 I (!.14 24115
VAALF'IEEF 9 141.41 1~.2:a 56S! 13$ 41.14 ze.ae al.131
ELANbS'O .11.5 131.65 10.26 ea.14 ~6.oa 1l1li4
STHE\..E:NA M 1411.T1 a.W5 34.033 20.111 $$/li3 30.-t~ Si)23
t..I;SLlt; !I.t '10.71
BRACKEN EI 105.39 17.1$ $MB 311.01 3M2. al;1~' ~ .r 42..1)'1'
PR!:OS9AAN 1.1> 1«101 13.2 65.63' f!1,cG 348" /JaiJ 3921 11M3 ;l.(Ull
K1Ni"lOSS 1.4 101.1)6 lIMa 17.95 ~5A4 2a'o~ OI;l.G5 33.1)3 30.59 115at
WiNK\:L'I( 1.4 121.00 15 au 2G1l4 2S.l! es.a 130»1) 21,11. 15.3
GFl'7VLEI a.o 12'1~1 lil.l!l 20M. 11.(l(! \4.ea (iil :iQ.\lS 21.61 2lA!i
W];i:l'l'HOLl: fN! 121~:l 7~1 tl(!.41 22,2 36AS 93;29 }l1.£1o 11)'oa
WES1'(f;IE; 1M 14a.Ga 111m 47.oa 111.>0 31.14 11'1:34 31.37 30.14 ~3,1'l2
J:)EEI.KA~L 1M 100.\l~ 11$)9 54.24 2004.1 32.05 60.115 :aa;.Ei 3l!.l$1) 25$'1
LISAMON a.~ 130M 1i.4~ 02.13 20.40 30.70 $9;3(1 il5.3S >!(l.t" 31.1"
5/.STOlliE: a.1 1}l3.\l(l ~.4;!. 44.14 lG:l!l aass 12.31 \leo M':)7 2;
I{LOC~ 5 tm.'ll:l '1.1;/J 3a.o.7 14tn S$.ll:l Gs;;ra 57.10 23.41) 10-IP
lJOUANF'N ...0 15a.1G 13.37 .ties!! 20~ 3tb'2 57.1.$ 4f.!l(; :l1JiJ2 ~.3S

Fu.;wA~iiiicO ~dC(lat::.· ·":;,''''"on::-·~M:'t.II!;:"Q-::;i:I.'''''''_--''_~F:::a:':'co:'1.··"':At;d~~"":n:-':eo::...·t:vs::-·:::s~qLtil:::·.~ta~.. M~ol;):=.':"tr4'r·s:rto:::p:-::":-:,,,:trn:-':!l::;I,,::-y:::r;F":o.~ca::-·-;:A~d\li):::.".:n·::~:":-:vo~T~O:':'.f1;/::·T..$l:::-o:-::~:-':· ·:"ll:=':n!:"lp:::,,,"··:,.,:::/®-::.-.---I
R(3Ilt!)~"Jon Olliput ~(lSroo$ltlIjOufpU1: liogmU;loll ()U1put

¢pns!;anl 11l?,I\l)3!l l:)oMt:mt 21.70156 COI'!$Il>1\t
·Std.~IT ati' Et,t 20.50141l Std Ell' plV est 3.241lS5B $Id Eft /;lfV em
fll;i/;!\I(\red l),34$244 ~ Squamd O.¥a1S5 flSqqo.md
No. of (J~ll>MlUOI1" ltQ. No. of ObSh\'\\aOI1Q 11 ND. of Ol:ftar~aUOI1S
Pegrc:;l$orl'~dQm H10ogr",oofFtcadolYl 1Ei b"Ilr$''1orF~dQm

x eDl:ll11ei~nt(ol -1lrt721>
Std Elf or CCo:lf. 2.0039.411
F(I~ Ad..oii¢;; '1Q Sq®w .t.t<'Jl'lrl)fOQv.Motor,

l1ollreanlon Plllp!ll;
COl1o'~nt 43.(141)02 Cono\!llit
SId Er( oiY 1;5t 5.ttl)aa!:) St¢l Elt "IV El;t
R SC\®wd ().:I9a10a I'lSqu~red
No,'.l{ ()bt:')t\llIUQn$ 1<1 No. ot Obt;lI\mUOM
009rea~ 01F~dom 14 DOllrCOQ ofFI$9dt)l11

XCao(ilclMt~?l ~1}.21l~6
~..6Eltaf¢"of. .•••.. .l1.141!l!il
Flice Ad\laIJCPVUTan:VO:!I1.empfoWQ-:----

Ai!Jg!l)ssll;lll Olrtpu.:

X Cboflli:t~rtt!.) -0.12007
SId ell' 01CCCII. O.!JG4a3
Fu(;O M\!!lllcQ \'4 SWpa CO$t/Tc',

fI"grnuulon OUtptit
16';;18'/9 (l<>Il~t\nt
e.e!l()14(1 Sid err IIIi' e~t
0.1(11 eea R \l<qUllwd

19 11'0.01 ObClIV\'lUOnQ
14. OaSllll)Q (I(Ftc;)doI'\

C)tlnc1!\I.'
SId .Err pty Est
F\ Squ~rad
No.ol Qbt;lt\tnUono
O",gtt:<>~ Qf I'JOj)doro

2$.4S~N COhMllht
5.41G3G1 :ltd Err olY em
0.oot56:> R Oqll(\tIJd

14 No.af Obc;)rvaUllos
12 0091,*,0 (>1r.1'C<Jd,nn

44.t4(j,~a C)on\ltant
11.1100112 SId f£1f etY 1'$$1
0,038473 R Squqrod

'4 No, ~I Ob""lV!lllPi1o
12 OO£!IW~ olFt<>..odQITI

~1.\lS61 X CQ$fficillnl('lJ ...0.01032 XOoofflctcl1ti~) .·O.12G.1G
1=.ro=a~S4~~7 ~~SI=d~e~If,~u~I=C~Qe~f~. ~O~~~7S~2~a~4 ~=$t=d~E~"~'~f=C~o~ol~.~__ ~O~;~~.=azOG~I~_~~__

X cosfficlent($)
Std Elf of Cool.

ThrJto "p~oorn to bo cemo oorplh.\\lon bQtw""" FIlCP Ad""I.¢\') nod lila follOWing: Cas1lron MlI!o.:l.
SQut\te MQ.orl!{SlnI)CI Em;llto,.,a lind Sq~!ll~ MQ!;aro/Oov.Motor.
1'00 Qotrolnllon ",MIBon I'uco Ad'Aneo and Stolls CoW 1'lllllrnpro!lOs II VJOl"w"s, '1111.11Rellf$ Md Ci,OCltvilll at::! omlttod •

....-----------------------,. -.....-.--.....
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91.75)62
132't1ta
0.2~4a021

11Ill}

a9.96522
16.1)1114(1
0.01;1474
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40.711161
59l11'!SG3
1l.1G!H13
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MINE AVa. FACEOOSTJlON SO.Mal TONSI SO.MEr.; STO.COS1" TONS! CEIl.COST TO(\ls/ TONar
ADVANOEMILl.'SS aTa.EMF. S1"O.EMP•. D~~ JTONj!l1 •. DEIl.EMF. !T'O~l1\,!). UD(UrMP. TOT. EM!>.

WcSTOEEP 10 1~.7"1 H.8$ 48.17 14.4B 4-t.09 13.11 ~8.5a ~5.1$ 19.57
B.ANUStO B.S 137.65 10.26 68,74 21)'{)1I 2UI'~
W£ZSTtiAIE 6.1 143.63 1106$ 41.08 i9.li6. !J1,14 76.34 3f.37 aO.14 23.02
Ol:I:tKR'L 6.1 10s.o2 a.99 54.24 2.8,43 32.0.5 €is.as 29.25 32,,5(; ~5.97
liBANON 5.B 130.41 ~4A4 62.73 20.4S 30;7'9 59.36 ~5.35 • 39.1'1 31.61
EASTDR1E 5.1 12M3 M2 4tH 18.36 $9;53 72.37 30.S£[ 34.<)1 'l7.n
l'llOOF $ 175,7.6 1.<19 3$.07 14.01 39.1~ 3Ma 57.7$ 2S.4:~ 19.59
OOORNF'N 4.8 152.78 13.37 4s.a~ 2M2 31.62 51.74 4i.il6. ; ":;41 2ii:.35

face Advanco VII $quar7 Ms1ers/Stopa Employ Face Ad1ranco vs TonSl$tope fmployoo;
Regression Output: aagression Output

f!\(;oAclllancIo1Vs eNtia" Mlllod.
P.cgrel;s[on Vl.ltp'.lt

Cl:inatemt
Skl err ory Est
R Squafl)¢
No. Of ObscIV.s!ions
Dllgreaao1 F"roodom

x CoofficIMt(,,> ~4.1l0S11 x CQ$ffillisn!(sj 0.073243 x Coofi1cTont(s) 2.21M15
.sId Err tit Colli. ..... 4.'3a~ __ .••&td Err Cf Coer. . 0.471!536 Sld.&rtlt Coer. 2.106297
FaeoAdll.Elnooy('l Squaro IviGte;sJOev.Melet. Face MWrlca 'IS S.top,' Cosf/TPn. --..-----l'iF~a;:;,ca?,rAdVa~'.!ne:-:.f:l:':. v'::s"':;T;:::o'=ns:"l':;:;Oa:':v?.e;':m=p:r!o:':ytao,=.--""'___'

fleSl'llsslon Output . . .. . Reg~es3lon Output Hsgression Output:
23.7e3?S Constant 26.21767 Constant
5.(1~0325 Std Err ofY Eilt 4A~OO42Std Err Of Y Est
0.072452 R Squert;1r' o.s46279 R Squarod

7 No. of r Itl$$twlll)ns 7 No. of Observations
5 Degrol;!(lol froedom I) O$gmes Of Fr<lildoi1l

tG2.40913 Constant
2.1.54531 Std Err ct YEst
O.1221CL9 Ii$quQred

a No. 01 Ob(>el'Vatlons
6 Dagrees'()f Frsedom

10.IIGll17 Constant
2.33030~ StcI Err ofY Est
o.oQ3955 F{ Squared

8 No. Of ObSM1l~liol'ls
6 00gr005(;f Fr,,~dcllil

37.03$31
\0.34.14

0.155441
a
G

C'"nlltaJlt
Std Err of''(Est
fI Squared
No. Of Ob$C1Va~ion$
1)l!lgraes of Freedom

Gil.21M!.!
12.10467
O.32'n99

1
5

Constant
SId Err c'iY E$t
R SquarQd
No. of Ob~lIVtltit:,"$
Dngreaa of Frelldom

X Coaffici'mt(s)
Std Etr of Coat.

54.():1544 Constant
a,948359 $td at '1;)1Y !?.st
O.24Z::~ A. $quatli!a

No. of Obser\!tltlons
5 ~grees of Freedclm

211.673$3
4.170,9'11
0;154262

!l
6

3E).42512 Con(itrmt
il.339i'44 Std Err of V EGt
0.129701 R Squsred

B. No. of Obl*ltvatlons
G De!)raas of .Freedom

-2.87062
2.27070

X Coefficient{s} -1.021)23 )\OO1lfilr;lent(s} -O.BS!l!i3
~~S~td~Er~~ro~f~Co~ef~.~.f~a73G9 __ ~ ~~S~W~·=Er~r~Of~CO~e~t ~o~.n~4=~~5~1__ ~ __ ~

Thera app(Uu's to bu eeme corollatlon between Feco AdvanllS and tha (ollovJing: t?topo COst,/Ton, nf1dTona/OllV.EmpIQ~o.
The c()lTstatlon ~tweal1 F~ca advance ant! Cost/ton mllleclimproves if one oxoludlls t::ItlelkraaL
The same Ilppliaa eo rCinG!S!opa and Udg. Iilmp10yee If one 1:))(Cludes WDLevals and l<toofrespGctlvely.



Vaal Reefs and Gr(letvlei. There is alISo an inverse relationshil, between Face advance and Square

meters/development meter. This w( uld also seem to be logical as lUore orepasses can improve face

clel7ning t:tnd advance rates.

The general conclusion reached theretore, is that an increase in ..;face a6va.:lce rate must not

result in an im::rease in the percentage of "lost blasts" if it is to result in ;.nprovemu4ts in productiv-

ity and costs.

PRODUCTION RATE AND PRODUCTIVITY.

One would expect to achieve economies of scale in arty production type o1}eration. It should pay one

to operl-tte a mine at the hignest practical level of productivn.

!:igure 5.6. H5.1does not however indicate any correlation between the scale of' operation and labour

productivity and costs. for the general group of mines.

Figure 5.6.16.2. for the seieet group,. also shows no apparent correlation.

POWER CONSUMPTION AND PkODUCTIVny.

Power consumption Is. indicative of': ~ning '''.:mditions and the level of production, We have denlt

with Production· rate and its efff'lct on productivity and. costs. ':there was no apparent correlation

between the two. FromFignres 5.6.1i.l/2thereis also no correlation between Power oonsumption

and Cost/ton romed. This was to be expected frotj:lthe pn;:vious paragraph as tOtal power consump-

tion is atsn directly related to prodUction.

Figure S... 11.3.shows that there is also no correlation between the unit power'costs and other costs

although one could reasonably! have expelcted such a relationship. Thereis also no improvement in

the correlation if one removes three miMs which could be regard.ed as anomaious (Grootvlei, West, .
Rand Cons. and Stilfontein). nor does there appear to be any r~iationship for the mines of the West

Wits tAne.

STOPING AND DEVELOPMENT.



TOes 14'i.41 12.z! 58.13 1:3.5
.aso 123.11 11.135 48.11 14.48 IS.14
aes 100.01 t3.~ sass 19.00 4B.fl 392.1
353 127.33 7.21 3&.41 22.2 93.:29
323 123.0a 9.42 44.14 18.36 72..37 30.S!:!
31Q 143.63 11.69 47.08 19.36 \31.'!4 76.34 31.37
210 176.78 7.69 aM7 14.01 3$.1~ &l.7a 57.ttl
225 1HI.33 21.3 13.14 24.9,5
21a 13(1.41 'M.M 62.'73 20.46 30.79 59,00 35,35 139.17 131.S1
211 131.El5 10.26 66.74 26.05 2t.94
209 121.<:15 15 61.3 20.94 28.2 66.2 30.(16 21.4 15.8
2Q5 107.08 18A"l 77.95 35.44 28.0$ eo.G.') 33.93 . SO.SS 2S.~1
185 15Z.78 13.37 4a.e9 20.42 31.62 Fil.74 4i.(5S 21.62 22.35
113 146.77 8.676 ti4.033 2.0.$1 36.43 30.33 50.23
15$ i06.0? 11.99 54.24 2s.43 32.05 6S.as 29.25 32.55 25.97
163 122.8 11.S 49.9 2lM1 28.74 45:7 33.35 26.1 20.85
71Q 7",,;;.59 15.16
67 121 6.31 20.4\,' 14.92 as aMi'!. ~7.61 ~1.'i6
53 11 '"1

-O.oa:A4
".QOf."~a

Is no apparantcorrelatl!JfI.OetWeen PrclductlOH rate and CQst9or lallour PIOductMtY.



:~~:;~c~~)~;~,~:~~:f!!~~;"~~~~~:~b>~:fi~g:,;[2~~
MINED TONMlu.. STO.EJi.1P. STO.EM? DEY.MET. COSTlTONElV.?LOYEECO$TITON UQa.I$t,J,?, TOT.f.7M?

f--__ --"~,S)

WESTDEJ;F ",00 123.71 11.85 ~8.17 14.4$ 44.tl9
i:Ab"TORlE $23 '1~.OB 9.42 44.14 18.3\'} $.~
WESTDR!S 3iO 143.83 11.69 47.08 19.3$ 3714
l<l.OO!= 210 115.70 1.6~ a6,C1 14.01 Sl}.18luaANON 219 130.41 14.44 Cl2,73 20.4$ 30.19
ELANOS'O 211 1st.65 10.7a 68.74
DOORNr='N 100 1~.78 13;87 4aae 20.42
DEEIJ<R'L 1~ 10$.02 11.99 54.24 2M3
VEN1'ERS'r is 122.8 11.8 4S.9 29.11...._....,._.._

1a.14 .
72.37
76.:34
39.7it.
t'$.38

PrQOlroMn rma; end C-oat/t:l1'I milled.
Bagreso!oh Output

Constcnt
Std Err QfY Est
RSqutJ'ed
No. (IfObllervatbna
Dagre(;'ls.of Freedum

:xCoeff.'Cii3l1t(s) O.o~? "
Stdc;rrofCoet O.074J4~F:..o;::.:...==:;.::_.,-·_'~~ __

~ ..
~~aa Un'lAf.tI!Q~t.i«:nl..



141.47
123.71 20.58:
123.0a 9.42 30.91l
1$.65 10.26
100.01 13.2 1S.06- a4.l'I5 4S.9 3P,21
143.63 11.G9 19.tS S7.N 16.G4 3M7 ~
1<1,$.77 8.$15 20;91 36.4'S aO.3S SO.2:}
11e.3$' 21.3 16.14 24,95
121.05 15 61.S 20.94 eG.2 '6&.2 (1),05 2M
115.i'~ 7.69 3S.07 14.01 39.16 39.7a 57.713 ' 23.4s
127.21 2(}.43 17.09 '14.92 sa ao.os ,27.61
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Gold bearing rock is produced dv.rbg the development or tunnels on the reef plane, This ore i~

usually contaminated by waste rock and may Or may not be sent to the reduction works for extract-.
ing the gold.

ThE\ bulk of the gold bearing rock is obtained from the stoping operation, where every effort IS

made to minimise the 10$s of gold !!ud dilution by waste rock. With regard to dPution, attempts ate

made to extract the gold beadng Ore with u minima.l amount of external waste. IvIinin~fat the mini~

mum stoping wid .. has beeu showll to be tlle singh~ most important factor in improving revenue

(N.G,W.Cool<j 1969).

In the stoplng environment other mp,t!sures which can be taken ~,)amprove the recovery or gold

inClude better sweepings and eliminating gold losses (ill waste packing, timber and other support~

worked out areas, under falls of ground~ strike gullies; roadways and drains; reef left Un-tni.ned in

the hanging arid fOQtw~.dl).

Gold call also be lost in the general underground environment. For example, ore can be tipped into

waste - pF<Sses.On the surface of the :miM~ are can be transported .and dumped on the waste dumps.

Collectively, all the to ,;oing it~ms. contribute to a better or worse mine-can factor .
.

PLANT RECOVER.Y.

Gold is also lost if, the plant tailings. Thjs gold can be in the form of undiss.vlved gold (ineffIcient

milling etc,) or dissolved gold ( inefficient filtration etc.).

OTHER. SOURCES QF REVENUE.

Where plant cat..:C~~I is available, it is sometimes possible to supplem~nt the production of gOld by

treating low grade ore from the following sources:- sub~e(,lonomic blocks. development rock, low

grade ore stockpiles, waste Jumps. current waste washings.

Instead of paying a higher level of dividends, money can be .retained to source future capital

expenditure. In the interim, interest is being generated to supplement revenue, Inventories can be
reduced and unwanted asset" can be realised. It may even be. worthwhile entering into a lease agree-

ment with a neighboring m111eto generate additional revenue from. toyalties.

~St··



From the foregoing objective as well as subjoctive ~nalysis (Section 5) the .f'oHbwing:paramete.rs are

put forv.ard as thEr mOist i!1fluent~, \ ones as far as productivity and costs are concerned.

Age of mlne,

There is no substantial evidence that the age of a mine has a bearing on the productivity and costs.

One thinks of (lIder mines as having .many shafts (cost centres) and 1011g tines of communication. On

the other hand th(~y are generally mining low grade ore as the better areas have long slnce been

mIned out and thls type of margimtl operation has to conserve its resources to remain profitable. To

summarise th~refore age per sa has no real bearing on ~roduetivlty,

Shaft Iayvut.

Long lines of communication and many cost centres advlilrsely affect productivity. For this reason.

only. sIl;l1l1er shafts. serving smaHer areas h:'W3 the advantage over larget centralised systams. Many

mining engineers in recent yew\,shave justified the sinking of new mother shafts to service sub-vet-

tical shafts, rather than incur longer travelling times. On the other hand. large shaft systen1S enjoy

the bEmefits of scale of Qperatll)ns. However in deep new mines. the capital cost of the shaft system

can represent a majorportion or the initial pre-prodL~ction expellditure. To \}xacerbare matters. the

larger the system and the deeper i joes the longer the pte-production period becomes, with adverse

effects au the valuq of the project.

1'0 summarise therefore, relatively shallow mines should have sma!~er shafts serving sxtlal1erareas

provided these can be accessed qUlckly and Inexpensively. Early revenue can be used to finance

future expenditure. Deep orebodies will have to be served by a. single shaft system lOcated near the

centre of gravity or the high grade ore,

Wherever possible new projects will have to be accessed from existing mine~ for the following.

reasonsi-

"to improve prospect drilling and evaluation

*to expedite pre-producrion work

""to minimise pre-production time

"'to reduce pre-production expenditure



"'t.ominimise the risk to the investor.

In conch1si(ln therefore, the shaft layout is a major design factor and it has a major effect on pro-

ductivity and costs.

The development layout.

'the provIsion of tunnels is nn expensive ~4ercise both from. an initial (capital) as well as an on-

going (operational) p!Jmt of view. Th~y axe neces~ary in thllt they provide ' ccess for men, material,

eqUipmel~t. 'Vemll&tionf and rock. 'They are also necessary for determh1ing the payable areas ..Mere

tunnels means better access but at an ever incre~ing cost (initial and on-going costs). The ratio of

square meters/Jevelopment meter is the best indicator or the density of tunnels (~ncompasscs Inter»

Ievet spMing, raise/crosscut spacing !;l,ndthe total oret:>asscapacity). The burvey of mines and subse-

quent artatysis corroborates the importance of these parameters and the extent to which labour

productivity and costs are affected by them.

Effective shift time.

Although this parameter was not covered in the survey, there can be little doubt as to its import-

ance and the effect that ithas1 not only on lilPour productivlty and production costs. but also on the

revenue generated. !n1ividual milles, such as West Rand Cons. and Beatr;", which ate ruining close
to :surface, would appear to cOftfirm this.

Management philosophy and policy.

In the last few years, management has made some giant steps towards increi:l.singthe productivity

and profitability of the minesundet their direction. In most cases this bas beenol'lrn out of i..•ess~

Ity rather than chOice. This is not a derogatory statement. as far as the' personal quality of the people

concerned butrather an indictment of the nature snd devIS1jplllent of these massive, labour

Intensive organizations. It is difficulfto bring abt'lut change ill apersons attitudes and perspectives.

particularly if these have been f.os,tered over a period of a century or more. Induatrla! relations hay".

been practiced between martagement and their skilled employeell (whites) for close on 70 to 80 years.
(S.Bendix, 1989) but for probably less than a decade with the unskilled and seml-skilled ones

(blacks). Therefore the management style. has tepded to be a very "autocratic" one particularly With

regard to the latter group. In the face of a much more aggressive stance by the National Union of

Mineworkers (NOM). many Mining Houses and their top management have changed to a lIt.'>articipa~



tive" management style. This approach has led to an increase in "trust" in management which was

being undermined by tIle training and education provided by NUM. Other rechl1iques such as

QUA, 'ty Circles, Small Problem Solving Groups, Comp('sit~ Crews, Multi-sldHing and so Ott; have

also be introduced .in an effort to invoh:e the workers in the decision making process and to accept

responsibility and accountability. Motivation has improved as a result and together with properly

constructed incentive seMmes have led to major improvements to productivity. Other ~ost cutting

and wastage reduction schemes have also led to a reduction in costs.

From a gold and revenue point of view, steps have been taken to curtail the mining of sub-eco-

nO:Il1icore even if this meant a reduction in the milling rate. Steps have also been taken to reduce

all forms of waste dilutJon and improve the reCQvery at' gole. New technology has played a major

role in the drive to improve productIvity and reduce costs.

Althougf the torrelation between stope width and tous/employee is somewhat fragile, the logic

would suggest that?s the sroping width increases nom a low point (say 0.7 meter) so Should pro-

ductivity. as tne cO!lditions for breaking a removing the rock improve. Similarly, as the stope

width increases abow s~y 1.8 meters so productivity Should decline, breaking~ cleaning and support

operations become more onerous. The milles in the l)urvey fall into a groUPt Which is between the

extremes mentioned ar.d this may account for the apparent lack of correlation.

Mining method.

There has been sufficient literature to tJrOve that certain mining methods contribute mote towards

greater productivity than others. For example1 trackless mechanised mining methods (TM3) and

continuous scrapers can lead to stoping ~lld development layouts which are far tess costly. Similarly,

"throw-blastlng' has the potential to imp~ove labour productivity (West Rand Cons.), as bas the

previously mentioned methods. The formel methods have also been dealt with under the heading

"Square meters /development meter". No evidence of the ·~ffect of this parameter (mining method)

were gathered during the survey, except that there appears to be a definite correlation between

cost/ton milled and'square fj1eters/development meter. It appeal'S to be an inverse relationsl.:p as

expected.

Rock engineering.



Ro\~k engineerln~ aspects WMe Mt measured directly. However rock engineering principles dictate

development layouts} type of support etc. and therefore affect productivity and costa. These aspects

hav~ been dealt with undel' different sections.

Dagree of mechanization and the use of new technology.

Although this is a inajar consideration in the planning of it new mine and will no dQubt have a

major effect on total productivity (G.L.Smith, 1991), there is no evidence of' this in the survey,

probably because ot the limited extent to which new teclmiques and t:.'l1.tipment1s being utilised at
present.

Geological factors.

Adverse geological c()llditions can have iii. major impact on the development layout, productlvlty and

costs on a mine. There is no statistical evidence to this effect. in the survey. Mines like Vaal Reefs

!\-:d KloDr pronabiy attribute their poor performance (at least in part) to this parameter.

Depth of mining operations,

One can accept that labour productivity will decline and costs increase with an inorea~e in the aver-

age depth ot the workings, The survey seems tv corrobor~te the fact that depth is a majot parameter

which· affects labour· and total productiv1t; 1 costs.

'The dip of the reef',

From the survey and logicaily one should conclude that th:a dip at' the reef is not It major parameter

as i'at as produ¢tivity is concerned,

Grade of the ore and the percentage payability.

The survey shows (and this is supp():rted by ~ cer~Etinlogie) that a direcc relationship exists betweell

grade of ore and working costs and an Inverse one with productivity. Grarle of ore is a major

parameter in this respect. No statistics were obtained from the mines regarding the percentage pay-

ability. However wbere the ore is more difficult to Iecate, more development win have to he done,

the ratio at square meters I development meter wilt deorease and so will prodUctivity.

Environmental conditions.



The results of the sUrvey seem to confirm a fairly strong ielationshlp between environmental condi-

cions and productivity and costs, Thus parameters such as V{rgin Raok Temperaturf,1,Wet Bulb

T9mperature ,\nd Wet Kata Rel'ft;iing.are str::H1g indicators as one would logically expect. The same

does not apply to Face Velooit~.

Face adva,."'l.cerate,

The survey would seem to confirm the importance of this parameter as an indicator of productivity

and costs eYen though the sample is a sroan tine and there. ma~r be other over-riding factors. Where

~here is an Indication that the reverse is true, this 1s l)'(ooably due to the adverse et teet of a high

"lost blast" ratq·,

Dilution.

There is no indication ·of the amount of ruluti()n on the mines covered by the survey. However,

several studies into t!lis parameter have shown that the dilut.i~n has an inverse relationship with the

panel length. for c(mv~ntio:nal mining methools (face and strike scraping) the percentag~ dilution

varies fr -m about 6% to 10%. For TM3 the dilution can increase to above 15%. However there

exists the possibility of separating moSt of the waste in the reef plane, which means that in theory

at least, the dilution can be reduced to zero. Other factors which affect the dilution are the dimen-

sions of the gullies and the amount of waste sorting and packing which is being done. From a

logical point of view there can be no doubt that revenue and square meters/stope employee will

vary inversely with the dilution while stope costs wiU vary directly. One can concur with other

author« that dilution is a major parameter as far us total productivity is eoncerned.

The prodl,.lction rate.

In some respe"ts, it pays one to operate a mine at the highest practical level of production. In thls

way one can benefit from the scale of operations and reduce. unit costs. Secondly, because the are

reserve is mined out in a shorter period, the overhead costs (over the !ife of the mine)nre reduced,

On the other hand ~ll.e needs to fully utilise the expensive capital equipment. For exa:tuple shafts

have an effective life of several decades. "rhus one needs to compromise between the level of ct'tPital

and operating cost to obtain the highest level of productivity. In this way one can arrive at the

optimum leve; ot production. (C.P.Patterson. T.M.Espach. HiSS)



The major parameters affecting productivitY and costs,

In. summary therefore. the following parameters have a majer effect on ~:'\b()urpri'.1ductivity and

expenditut1l: ..

*the shaft la,I'out

*the developmb~t layout

*the stope laYQut

, *effective shift time

*management philosophy and policy

>'''miningmethod

"'rock engineering

>'~degreeof rnechanization and technology

*geological factor~

*depth of mining

*grade (If ore mined and percentage payability

*environmental conditions

*face advance rate

*dilut.ion

"'production rate.

To a large extent the ability of mine management to improve productivity is governed by decisions

made during the planning and design phases of the mine. Items such as shaft and development

layout. mining method} degree of mechanization ana technology and production rate fail into this

category. On the other hand, items such as depth, rock pressure and stress, virgin rock temperature,

geological factors, grade of ore and percentage payabillty, depth of mining are to a very large

extent beyond the control of management.

The items which managein~nt must attempt to control and exert maximum influence on are thus:~

*the stope layout

~~effe.;;tiveshift time

*management philosophy and policy

*environmental conditions

;~face advance tate

*dilution



The ideal shaft layout~ from a financial point 1';>£ view) is one which will give the best Net 'Prel~ellt

Value (NPV) or Rate of Retunl on the investn:~ent. It will of necessity be a compromiSe between

initial capital spending: and the Q~ratili.!5 costs over the life of the mine. With deet:1orebodies this 1s
Hkely to be a single .shaft system situat~d near the centre:ot gravi~ of the payable ()l:~.With.shal1(!cw

or\~bodies, a series of shafts· is preferable, to enable the orebody 11)be exploited expedhiouslyand at

minimal pre-pr('lom;:tion capital cost.

. The ideal development .layout is one ~vhicl'iprovides the neces£ary access and serviQeg effectillely ..i.t

the Ininimum co~t (<1mount of tunnel1ing). Inter ..level spaoings should be increased to the maximum
. .

amount - 144 to 200 meters - and raise ;ipaci:ng to at least 400 meters. There should be only one

Ore.pass per stope. The logistics of servicing the stapes can be accommodated by the new equipment

and ~echnolQgy presel"tly·~ .flailablG.

The best tl'l:lning (stoping; method is the one wM.ch will produce the ore at the lowest cost (labour

and stores .. less than R30Jton, 1989 mOney), with the highest face advance rate ""p!u;, 20.l1leter-

s/ulonth (and minlmum "lost b!asts") and with a minimum of dilution (less than 4%) and minimum

Ioss of gold. Once again) the latest equipment and .technology must be utilised to achieve this. (TM~.

Impact Ripper. diamond impregn&.ted rope rock cutter, water-jet cleaning; Continuous Scrapers,

Transvs.c etc.),

Effect.ive shift time must be maximised by optimising the transport system (matching cages in shafts

with passenger trains in high speed haulages eto),

Ma~1agement style must engender trust, motivate and utilise the work~force to its fullest potentiaL

Rock engineering principles must b'e ad.lGred to in order to. :reduce pressure bursts and falls of

ground, with minimum cost and loss of min~able ore.

The appropriatE: decree of mechanization and lev~1 of technology must be utilised to maximise prd-

ductivity, In this regard, hydro-power! backfilling, refri~eration, TM3, "impact breaking"t roc:k

cutting, communications woul~ appear to hold out the most promise for the future.

El1vironmp.ntal englneering principles must be adhered to in order to Pl'oviC1ehealthy and safe

conditions, ccnduclve to reasonable and sustainable levels of physical exertion ..



~ CONClrUSI.mih

Ail attempt has been made to determine ll1~ factora which affect productivity and the level'·

working expenditure on the, gold mines, mernbei:S of the Char.!tb~r of J"iines of S.A. A ¢1'05S section

of mines teom the various districts was selecte<t for eJ{ammation and comparillon. The comparison

was supposed to he both objel1tive as we!i. lS subjective. ;\1runly "scansa ot the limited information

avaHable. the selection of miI12s for the survey and the presence of inter acting and over-riding

ft':ctorsl the investigation turned out to be much more subje\1tive than was originally hoped. Fifteen

parameters were identified as having a major impact on prochlctivity. "these artl~- t""e shaft, devel-

opment and stoping. layout. eff<?ctive shift time~ management philosophy and policy. mining method,

rock stress conditions, depree of mechanization and technology, gE:o!ogi,;,alfactors, depth of' mining,

grade of ore mined and perc~ntage payability. environmental cQnditio,l'}s,face advance tate, dilution. . .

and production rate:

Those factors which are within the control of mine maaagement and whioh should receive most of

his attention arer- the stoping layo'IJt and 111ethodj effective shift tim~; management philosophy and

policy; environmental and rock conditions, face advance rate; dilution.



This project started ou.t as an investigation into the dIfferent types of dev~lopmellt and stoplng

layouts in use in the gold mines. The objective was to try to estab1ish how labour productivity and

costs were affected by the differences in these layouts. The investigation showed that in fact, ther~

were not that many differences and that whatever effect the layout had on working C".HS and pro~

ductivity, there W17re other, possihly O'1)·er~r1dingfactors, which could also affect the results

obtained. A decision was then made, to identify the main parameters which affected the important

issues, using the information alrt.ady obtaine<1 from the mines. ])uring the course of the analytical

work however, it soon became obvious that the sample of mines was too small (particularly for the

'ieJect group) to make the statistical (objective) analysis convincing.

Nevertheless, it was decided to proceed because the author was more familiar with those mines and

the information available was much more detailed. This enabled the subjective analysis to be more

cOlwincing,

A new investig.':ltion:should be launched, hopefully with the same amount of co'-operation as was

given to the author In the fir':.t instance. by the management of the mines an~ this investigation

should concentrate on ';he main parameters identified (making use of a more spp.cific questionnaire)

and including aU the n:ines. This should make the objective analysis more acceptable. Management

could r)e asked to identify any she-specific factor, which in their opinion, may have an over-riding

influence.
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