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ABSTRA,T
\' j

Given the high capital \~tensity of the drag1ine
operat~on, the mine can \i),~?t afford to" tol'erate

(~ \)

fl)agmentation problems with id~ concomitant low dragline
IJ

productivities. At Syferfont~j_n colliery very large
bouLdezs and completely unf r aqmented sections r'esuLtLnq
in Ii Low digging efficiency of: 1:he dragline were
endijlJl~.t-:eredin the Lnt.erbur-den blast,

This proj ect, investj.gates tne causes of the blasting
related problems with an intent of improving dragline
p:coductivity at the minimum possible cost. This is

eva Iuat Lon of the

\\

p) achie~ed th,~o~gh bl<1st monitoring,
,"existing prac,2ice (blast design.)

1\

"relations, fragmentation
of ope~ators

using c:mpirical ~,
, ,

analysis
assessment using
performance and

a model,
dragline

I)

availabilities. Dragline productivity is eva l.uat ed in the
~.-,J \ .. :;.

light of tEe various productivity LndLces , viz, fill
factor, fill time and BCM/H. The results indicated
expl.osLve incompatibility with the blasting environment
and. questionable practices regarding blast design and
Delay performance. Engineering field controls such as
reduction in drill pattern, reduction of VODof explosive
and improvement in dr aqli.ne utilisati~~n are found
necessary.

Contributing 61% to the total cost I concent rac Lnq on
reducing draq Li.ne cost must receive preference over
dri1.1ing and blasting cost as it would produce the most
tangible advantage in any cost reduction effort.
Regression equations relating cbst and productivity are
established.
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CIIAPrERl

INTRODUCTION

1~1 Definition of the probl.. an4 Objective.

The blasting ope cion at Syferfontein Colliery at times
r@sults ill fines, or big boulders and unfragmente.d
sections. A high proportion of fines indicates excessive
'use of explosives which, in a(idltion t.:; escalating the
cost, also unneq~ssarily increases the violence of .blast
on the mine (Brinkman, 1990). For the dragline operation
this situation CUlminates in a low bucket fill fact.or.
Concomitant to this is low drag-lineproductivity (Bcm/H)
and higher productio.n costs. In a eimilar vein boulders,
whis:h are usually the result of under utilisation of
explosives and poor blast design are also undesirable as
they lead to low buqket fill factors and' at times
necessitate secondary breakaqe~

The following pz'obLemsencountered in one way or. another
by the mine are also worthy of mention;

misfires or IItable tcp" effect as well as
blocky fragmer.tation and oversize enc~untered
in some blasts

\.

high vibrational levels resulti.ng from
exccssfve confinement of. blast or .high cbarge
mass detonated per delay
low r" ~Y;line digging penetration efficiency
~esul'tl~g in rapid wear and tear of bucket
teeth and high energy consumption of the
dragline which. is a detrimental to drag1ir"if
econcmi.cs Ii

(i
1 ~

'I



choice of "explosive 'type and form to ensure
efficient bJ.asting and hence good dragline
productivity
high cost of productirJI1

Given the capital intensity of the dragline operation,
the ttiine is otteh confronted with the problem of which
d€sign to use to achieve optimumfragmentation in order
to yield efficient dragline diggabjlity ..

This ~~oject addresses the foregoing problems with
specific focus on:

assessment of the entire operation with
respect to dragline produCt.ivity
review of the blasting operation on the mine
considering the type of explosive used and
results of fragmentation'analysis
blast monitoring through velocity of
detonation (VOD)and high speed photographic
measurement
operating~cost analysis with specific emphasis
on the econt'lmicimplications of changes in
design and t.he obvious cost reduction through
improvedproductivity.

102 Scope of the Work

The study was confined to interburden blasting at the
west bank on strips 5 and 6, and only one dragJ.ins's
producti vi ty has been studied. It must, howeverI be
emphasised that this project does not attempt in any way
to design a blast. It merely reviews the exi lng
practice and suggests changes that could enhance dragline
productivity with concomitant reduction in the overall
cost. Cost! consideration exclude labour costs and
estimates are based purely em the author.'s ownjudgement
from the available. information. The projsot does not



<)

cover the teQhnologyof the dragline.

y

L.3 organisation of the Work J
//

The text is divided into eight chapters. The first three
chapters are introductory in nature with the. first
chapter highlighting the background of the problem,
sources of data and treatment of results. The second
chapter is a literature survey reviewing the previous
work done, shock wave theory of blasting, blast
mqnitoring, fragmentatiori ;,nalysis and dragline
pl'odllctivity. The third cha.pter discusses the op~ration
of the te~t facilities such as the VOOR'<..' 1 and the high
speed camera.

The blasting operation at Syferfontein Colliery is
critically reviewed in the fourth ch,apter. Drilling r

blast tie-in and explosive loading are the ,.areas of
interest. Equally important is fragmentation assessment
through the use of KUZ"'RAM modeland sensi tivi ty a!lalys~s
of aomemajor blasting parameters such as burden spacillg,;
ratio and powder factor which': impact heavily 01'1

fragmentation.

certain blasts weremonitored through von measurementand
high speed photography..This is the s\lbject of concern in
chapter five which discusses the results of such
experimental measurements.
The sixt chapter which is essentially centrral to the
project focusp.s., on dragline performance analysis.
Dra9line productivity is anaLyaedin the light of (\iarious
indices~ viz, fill factor (!buc};:etfact.or), fill time and 0
,bank cubic metrE! per pJC'oductionhOUl:' CBCM/Pr.Hr) •
Furthermore dragline perfoJ:manceis related to blasting
in this same chapter. In particular, this chapter
considers general discussion, design factors :t~lated to

3



productivity, deductions froIn von measurements,;:,and
analysis ofe, the results. operat9rs \

;/
performance is also evaluated in--:ttilis chapt~r.
statistical

/( :.-:: :.'

Detailed cost analysi.s is dealt with .,\~n chapter .5,evem.
7he various cost centres, ,viz. drilling, bla15ting and

dragliner;.cost are the main focus within the confines of
~'-.-' ;-,

this study. Regression analysis has been conducted to..(~;':/~~:'~',~;::,,/estab ....l.slb a lirrlear relation b~tween cost and some
prOd'~:,'r:;tiV'~~yindices. Economic implications of th(!
propos.;~d...,.cnanqes in design are analyzed. The text ends
with a conclusion and re9'?mmendations ia chapter eight.

I'

(~~.. General Information about tbe Mike

The Syferfontein Collie.ry'currently mines two coal seams
" ;1

(,.4# Jind 5# coal) buried at depths 9£ 30.1m and 62.1m
1

respectively below surface. Tr~o draglines, Ma:r:ion 1
(2570W)and Marion 2 (8200W), are equipped with 76m~and
74m3 buckets re.~pectively • The overburden, a band of
sandstone which. is 22.5m thick; is overlain by a topsoil
layer 5. Sm thick. The over]::ll1r.denbl~st does not pose much
~ (I

pl."oblerucompaned, to that of the inter-burden.

The interburden between #4 and #5 seam is thick,
laminated and c~psists of 9mof shale sandwiched between
two sandstone layers each about: 9mthick. Drilling in "he
inte:rburden is done with a 250mmvertical rotary dri.ll
at an average depth of 27 _, 28m. It is in this area
(interburden) 'that the study is confined. FigUre 1.1
shows a typical cross-section of the strata. Drill
patterns in the interburden vary from 11 x 10.5 mto 10.2
x 10mfor an average hole depth of 27;5m.

The rock is averagl~ly weak with a Youngmodulus val:ying
bet.'!1eeng and 45 GPaand uniaxial compressive strer'1gths



varying bett~eeh 25 and 88 M,Pa.Table 1.1 below shows thEl

variation of some rock properties with depth. The in
situ and after blast specific gravity of the ro~ in the
overburden are 2.52 and 1.87 respect:i.ve:].y,and 2.57 and
2.0 :respectively for the interburden. 'l'he rock is q,uite
massive in the western part and vertically joi.nted in the
northern s;ection of th".! mine where it is compoaed
predominantly of dolerite.

TABLB 1.1 Variation of Rock Properties with Depth

The mine employs f04r types o;eljloading shovels r namely
\' ,"

P &- H 2800, H285 DEMAG, Ha5 DEMAGandH6S DEMAG. Haulage
is carried out using four types of trucks, the CAT 789
{177T) I CAT 777 (147T), CAT 773 (92T) and D400 (64T). ffhe
shovel truck combination is illustrated in Tabla 1.2
be Low,

Generally the mine operates an 8 hocy shift 'ilith 17
,) /7/

shifts per week~ There is no prqg.'iction on Sundays.
\')

Howeverr the dragline oper?-tio~~ is a continuous one with
3 shifts per day~ each of 8 hours duration, and 7 days a
week.
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Figure 1.1 Typical (:ross-section of th$ rock strata



TABLE 1.2 ~ruck and Shovel Combinations

D400

operating" MediumLoading
Shovel

Bucket Haulage
capacity Truck for,
(BCM) ~J\ shovel I

it--P-&-H-'-2-8-0-0--1---3-1-.-3-,-,1.)'"1CAT 789, 777 over~u~enl
interburden and
weathered
overburden~-------------4---------'---r--------------~---------------------H285 DEMAG 8.99 CAT 789, 777 Overburden,
interburden and #-1
seam (coal).-------------~----------~--------------~-------.------------~H285 DEMAG 2.38 CAT 777, 773 Top soil, weather
overbu?den, #5 seam
and general
excavation

D

General excavation,
top soil, weathered
overburden and #5
seam qoal

H65 DEMAG 2.00

1.5 Sources of Data, Proc"ldures and 1'reatment of RelJuJ.ts

The data for this project was gathered from the
Sy:Eerfont.eincol~iery (open cast) on interburden blasts
at the west bank, strips 5 and 6. Each strip was divided
into 6 blocks. The dragline studied is the Marine 2 which
uses a full arc bucket with a capacity of ?4mJ• Twelve
separate blasts (blocks) have been analyzed. Information
was gathered on blast tie-in, loading and dragline
production and cost data on drilling, blasting and
drag-line operations. The work was divided into three
majo:t· components: fragmentation analysis, drag~Tine

.it
j(
)!
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product:ivity" assessment and cost analysis.
\\

"On fragmentationt a spreadsh~et was developed for a lIlodel
~or fraglnent size ,arlalysis. Blast monitoring was
conducted on six sepal:'~te blasts t<D verify the cause of
poor blast results. The draqline productivity was
assess,ad using the p'lGdu'ctivity indices of fill factor,
fill/I time and bank cubic metre per production hour
(B,cM/Pr Hr).

The perceutaqe contribution of the various cost centres,
namely drilling, blasting anddragline cost, to the total
cost was the main focus 0,£ the cost analysis. Regression
analYsis was conducted to establish a relation between
dragline cost, total cost and productivity.

Each of the. twelve blasts"are analyzed on the basis of
fragmentation, dragline productivity "(\fld cost. The best
bl,ast giviJhg maxir4um prodlll'Ctivity and minimum coat per
BCM!l,.i.s sel,ectedo The reasons for good blast results as

<' Ii
well as D<bor blast results are identified for future..... i' -,~

corrlactions. sensitivity analys.:i.s was perforllle4 on the
c: ~J

best blast on key blast parameters that ictluence~ ,

fraql1lentation. Eventually the existing practice (design)
was critically reviewed and some changes suggested which
can ht~lp improve fragmeqtt\tion and dragline product,!vity
and minimize production CO$t.

()

If
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CHAPrER2
\1\\ )

n

FORt\.fiJ"LATIONOF THE PROBLEM
\. u

Blasting remains, in most cases, the only means by which
rock is prepared for extraction. Often wh~n poor blast
results occur the tendency is to increase drilling and
explosive use because th~ real cause of the problem is

v

not known. This chapter giVes the theoretical overview qf
blasting. Also in focus are explosive assessme.nt,
ft-agm.entationanalysis, dragline productivity evaluation,
blast monf toring and cost anOilysis from 'I theoretical
perspective.

Shock wave theory gf blasting

Under ideal conditions, Le. very large hole diameter and
perfect cQnfinement, Chapman and Jouguet postulated and
it was further advanced by Zeldov, Von Newman and Doring
(COOX, 1.974) tp.atexplosives undergo ideal detonation. In
this case, a plane shock wave travels through the
explosives which heat up and causes a chemi.ce L reaction
that supports the ,shock wave Which b:avels with a speed
termed the velocity of detonation (VOD). The detpnation
pressure (Pel) in the primary react.iV-Dzone is given by
the expression

(1)

9
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where B,= explosive bulk d~n~ity (kg/m3) and V :: velocity
of. detonation.

<0

The pressure of the detonation products in the explosion
state#_ Le. explosion pressu.re (Fe) is about half of the
detonation pressure and i.s give:.::i.',bY

Fe :7'" O.13BV2 (2)

Upon liberation, the chemical energy of the explosive is:;
converted CO various forms of energy, such as heat I

seismic energy (fragmentation), kinetic ,energy of spoil
(throw), concussion and noise (air blast).

The model proposed by I,.ownds(1984) and Kirby 'i-md Liepar
(1985) offers the framework to concept.ualise the work
done by the explosive during a blast. They consider that

.-., I

following detonation the blasthole expands radially to a
II

quasi-static "eqailibrium state where the explosion
pressure is matched by the stress in rock surrounding the
hole. ,The energy delivered up to this point is the shock
energy Jhd appears mainly as shock waves crushing near
the hole, and as stored elastic ~train energy in the rock
surrounding the hole. Subsequent expansion of the gases
intq the fracture neblorki until they escape to the
atmosphere is termed the heave energy. Further
expansions t after gases have vented represents wasted
energy which appears as airblast and residual heat.

The xachanis.cof Rock Braakaqe

The :mechanismof rock breakage as conceptualised by the
the fundamental Ldea of the shock-wave theory is this
(Hino, 195!1):

L Detonation of explosives p:t;Oliucesa "crushed
zone" around the hole insofal~ as the intensity
of the shock wave produced by an explosive
charge is greater than the compressiv9 char~e



C)

('

(). 2.

o of t.he reck. As the compressi ve strength of
/;:::::::--.,

the rock is ratti~r:'high this ran·je of crushed
zone is limited to the viclnity of the charge,
while. a short wavewith high peak; pressure hut,
of long duration propagat~~,; outwards as a
compressive w~'V,ewithout producing any
breakaqeof rock (Figure 2.1).
Beyond' the crushed zone, there c~~n be no

!' compressive failure due to shock wave; however
the shock wave {compressivew~ve) is reflected
as a tension wave at the free fQCe becau$e ~t
the free -;face there can be no fo:,:·ce.. ~s th~
tensile strength of the rock is much smaller"

3.

'thail the compressive strength of the rock a

fracture occurs ('Alt the point where the
'~-{• _. - ,~-\. • z:\

effect~v~ tensl.on, \that 1St the dl.fference
between the intenSity of the tension wave and
the remaIning compressiont exceeds the tensile
strength of rock.

IJThe range of break~ng extends from the f:r;:ee
\\

face towards the centre of the charge. The
distance between this point of the first main
'fracture and the first free face is defined as
the "thickness of the first Slab". (Hinol 1,959
). This dimension defines the size pf the
fragments.. If there remains a compressive wave
after the detachment of the first sl,ab which
movesoutward with a momentumentrapped within
its thickness from the original shock wave,
then similar processes are repeated at the
newly produced free face un.til the intensity
of the remaining compressive wave is reduced
to below the tensile. strength' of the rock.

" \ ()

4. Only a' part of the total energy' of an
explosive goes into shock wave and the gases
from detonation at high pressure expand doing
work against the resistant forces of the rock

11
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Fig 2.1 Sequence of events occw:ring in a horizontal
:; section of a rock mass surrounding a horehole in

which a charge is fired.



and against. 'Chs inertia of,.,a big mass of rock
previously -detached by the shock wave of the
ground~

2.1.3 Bxplosive assese.ent

:"1 assessing explosives one must, bear in mind that the
total energy contained in an explosive, i.e. raw
calculated energy, press'U('Ceand detonation velooitias are
not good indicators of perfOrmal'lce.. The term "ideal" as
applied to a.xplosiYes refers to the qcality of detonation
and not necessarily the rockbreaking results. Explosives

C~

must detonate at the characteristic VOD in order to
perform u~efl\;l wurk. Nevertheless; oversize boulders and
diff:i:cult \;~';;:_digging 'conditio.ns aher a blast, can not
'Usually be ascribe" with confidence to poor explosive

(]

performance unless measurements are made. possible
'\

problems experienced in a blast may includa

full column deflagration
-~\ cable severance prior to detonation

Explosive failure to initlate
Pr.imer failu:t:'e to initiate
Pq' .. \ in-bole delay and surface delay perfor:marH::e

Explosi ves may have low ,or high VODdapending upon the
particle sizes 01::' chemical formulation of the explosive.
Th(i large rart.i!,·~ e sizes or constituents used in dynamite'
leads tt') :majo:ri'Ly of its ener9Y being released in the
secondary reactioi~ zone whicb takes place be.hlnJ. the
pri~tlary reaction front. Oynalnite ther(~ft:;-:-ehas low VODs
(1800 - 2500 m/s). On the other hand emulsion contains
mainly finely divided const:.ituerl'cs. Thi! 9reater surface
area cf the reactants leads to rapid combustion with LtOst

OF its energy being released in the primary r.aaction zone
as the detonation front novea through 'the explosive

3.3



Golumn and less ene~gy being rel~~sed in the sec,cndary
reaction zone behind the dat'''nation front. Hence for an

1\ .',

Emulsion. stable det~nat,ian is onlY' achieved '\ft a much
higher von of about. 5000 to 6000 ml s , As a conaequence ,

emulsions with a high VOD usua.lly produce finer
:(t!,agmentation and greater backbr'eak due t(~greater shock.~ '_' ()

" Dynamite and ANFO for obviou_J zeasona undergo Sl.OW

reactior. because of their larger grain size '~roducing
less shock energy and groater heave energy (Brinkhlann,

1990) •
:,::'

!(

2.1.4 Fragmentation analysis

The problem areas ill any .Ilasting model which is
specifically, rather than comparatively predictive are

definition of the rock properties
selec:t.iOri of the appropriate explosive perfot"Iltance
index

",""

- determination of actual blasting fragmentation
The KUZ-RAM Model (C"..tnningham., 1.983) 1s an empirical
fragmentation model used i'u:cestimatin9 frag=entation .•

\:
throw, danaqe and advance. It is based on Rosin-Rammler

il I

curve and Kutnetsov equation. C.M Lownds (1983) also did
an extensive work on the fragmentation modal based on
crack gt-<)'fttt;.h theory. The KUZ-RAMModel shows the
rel~tionslhp between blasting parameters' and mean
fragment i~ize. The relevant equations are:

(a) Rosin-Rammler equation

where
!i R :::proportdon of material retained on scr~en

X em (mass fraction of frasmellt larger
than X)

X .- screen size (fragment size}, em
Xc -- characteristic size or average fragment

14



size (50 per cent mass pas:~ing)I derived
from Kutnetsov.

n :::::uniformity index, 0.5 - 2.0.

Cb) Kutnetsov e~~ation

Xc
It' A

K
o

Q
E

w.here
:::mean size, em.
-- Rock hardness index, 1 ....22.
= Powderfactor, kg/m3

= kg explosive
:=, Relative weight: strength of explQsive

ETNT ::: Relati ve weight strength of TN'!'

The' KUZ-RAM model has ~een found to give a good
correlation where blasting results have been assessed....
(Cunningham,1991). Dick at al 1982, have measured the
fragmentation from blasting in limestone using sm.all
diameter bla~thole (2~mm}. 1'h.e.-ir r~SlJJts correlated very./--/
well with',t":heKUZ-RAMmodel and agreement was obta.ined
over the whole size ran<:;fe.For large scale blasting snch
as that conducced by cunningham (~983) using the
photoplanimetric t~fchnique for, fragmentation as,sessment,
the KUZ-RAMgives I~xtremely good correlation in the

I

coarser section of the ourve but indicates rather :more
fines than are given by the photographic analysis. Used
as a modelpredictive tool, the KUZ-RAM ::nodelis good for
the application of deriving cost-effective drilling
patterns within a blastirlg property. The limitation
however•.is the lack of prediction on overbreak, heave,
toe plllling or other important blasting considerations.

Fragmentation of rock according to Brinkmann et al (199C)

1s affected principally by four categories of factors:
rock characteristics (extent of geological and mining

15
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induced structural discontinuitie~),
characteriptics, geological relationship

explosive
between

explosive and burden rock (factors that determine the
powder factor) and dynamic int~l:'actionswhich occur
during millisecond delay firing. They also showed that
fragment size reducea with increasing explosiv~

;' ,-~~consumption and that the sizes Lecome more unif0r,mtoward
smaller sizes as specific energy increases.

For a given material 'type and explosive charge per metre
of hole, there is a maximum size of burden that can be
used and produce a full crater. To produce a satisfactory
digging condition the ro~k mass should be isolated and
broken back to the qharge a::; overburdening may result in

;tboulders. Craters produced by one. hole I) should also
overlap those produced by the klext'(Cfoeby, 1981). Smith
and Ash (1977) in their investigation into how blasthcile
burden, spacing and hole length affect rock :klreakage
showed that

coarser fragmentation rest.11ted
i;

from

()

simultaneous firing of blastholes compared to
that produced wnen holes are delayed.
best overall breakage results were exper Leneed
wh~ boreholes were delayed using a: spacing to
burden :ratioof one.
as the spacing to burden ratio was incr:,~a~.od
for a given length))to burden (!.pnditionthe:t"e

il '. ,

was an associatef.:tdecrease in the slnal;ler
sizing fraction.

2.1.5 Dragline productivity

Dragline productivity or performance, acc:::o1:dingto Crosby
(1981) is .assessed through its digg:lng time, swell
factor, fill factor and BCM per productlon hour.

* The digging time is the aspect of the cycle

16
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" ,

time which is ,~mainlyrelated to fragmentation .•
\

The digging ,time represents 25%\of a typical
cycle time.

* The swel~~factor is the ratio of the ma.terial
weight I)er loose cubic meter 1::0 material

,.
weight per bank cubic meter. Rocks like
sandstoIl'e! shale and limestone usually have
s~~ll f~.lctor vaj~ues bet'\'/een 0.55 and o w S in
'the buc~~et deper:,ding on 'the size distribdtion
of the II fines (dld coarse mater lals. Eithet'

"I',

~xtremeJI' all fines or all coa.~se, does not

give th~koptimum swell factor.' In fact, the
'i

optimumiilies bet;weel1the extremes depending on
size. an\~ shape , Improvement in the swell
factor sl'Jould x'esult in:

ihctease of capacity in BCM per work
cycl.e
reduction o~) the height of the spoil
'piles which should reduce rehandling
wh.ere applicable.

II

FiIP fillctor is the ratio of loose cubic meter
ft~ th~ bl:;:.:ket'.rating in cubic meters. !t

:::-'-

usuall!r var les from 0.4 to 1.1 and depends on,
the ease. ;,ith which material flow into the
bucket.

Ideally one expects dragline product:Lvity to be increased!
through improved frl.\gmentation with a. concomitant
reduc·l:.i<>n in the overall cost. Crosby et al (1981)
advocanes that dra(Jline product:i,:vity can be improved
through

improving fragmentation based on a relatively
low drilling unit cost by improving sxplosive
distribution. This is achf.eved by reducing the

drilling yield (J3CM/m).A pragmatic approach
,:

17



is to reduce the drilling pattern with a
scaled reduction in the scaled diameter such
that the pc)wder fact-or remains constant and
increasing explosive energy input per Ben.

The Dru:;:y and westmaas (1975) st~udyc.::>nfi:r.medMackenzie's
argument for reducing total cost by increasing tile

blasting cost. The result was t,gtter fragmentation which
increased shovel loading eff,ic~Lency,reduced mafrrcenance

(i

and repair cost and, increased crush~,r oueput;; Mackenzie
achieved a superior ~ideqree oj: fragmentation" primariJy
by using' more energe·tic or hi~rher strength explc:sives.

"2.1.« Blcast monitorinq

Veloeity of detonation of explosives (VOO), is an
i1l1portantparameter in blast monitoring. BrinJollannat a l.,
1990 have outlined a numberof reasons for measuring the

'.
von. of explosives. They assert that

/.·::-1

- The explosi\te pressure (the peak pr~ssure ~pplicd to
the borehole walls) in ideal detonation bears a sciuare

() relation to VOD(Refer to equatri.on 2, section 2 .1..1) ~

As the p:t:'essure liecreases with the squad~ of VOD,a
decreased pressure results in significant drop-off in
"\I~l::>D and hence peak pressure applied to the borehole
walls. Rock breakage is then jeopardised.

- The detonation stability decreases at VODsbelow
characteristic values. At characteristic VOD,
detonation is at its mogt stable.

_.The measuremellt provide useful information, on how
explosive performance is affected by such fa<.:tors as
detonatl.on cord desensitisation, water and sludge,
booster size, hole depth and. hole diametet'. VOD
increases with hole diameter. Below the cl.~i.tical
Cliameter, detonation will fail to occur.

- l:nfcr:mation is provided on initiation system

18



performance. Actual detonation times are obtained thus
allowing the assessment of both in-hole and surface
delays.

J0 Grounddisplacement and its effect on cut-offs can
also be obtained.

High speed filming h~s been emp~oyedby Ladds et al
• 1/ "-" .(1.991) in their investigat.ion ~9to the blasting problem

at; the ATCOMopen cast to checkwhethermisfires detected
by the in-hole VOD measurementswere caused by surface
failures of initiation or the in-hole initiation system.
The results revealed failures in the delay element and
out-of-sequen.ce firing.

Rock assessment is a useful tool if meaningful
fraqme~tation analysis of a blast is to be conducted. The
ro.ck conditions to be considered are density t mechanical

"
s'tirength (uniaxial qompressiva and tensile strength) I ~;;

elastic properties (YoungModulus) and rock structurp,t:
including jointing~ Explosives can and do fragment rbck
across joints, but the extent of fracturing depends upon
the rock str~ngth, blasting geometry, explosive pressure
and joint quality.

2"2 Specific aims of tbB project

In the light of 'the above, the experimental project is
intended to i!chieve, inter alia, the following
objectives:

1. To assess dragline diggability as related to
blasting performance.

2. To quantitatively asses·s the explosive
requirement (energy input) for efficient
bla,sting and hence improveddragline
productivity.

19
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I',/ 3. To assess thE!!productivity of th~ dragline under
'different blast conditiopn such as the use of
difterent decking materials and explosives
(~ul8ion,) i.ndifferent formulations.

,,'

Ci

/1

fl

I
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('"1IAPTER. 3

3..1 VODR-l

V'ODR-l is a continuous velocity of d.etonation (VOO)
measuring system which works on a time reflactometry
principle with a recording capability (Vather, 1990).

Electrical pulses are transmitted downcoaxial cables and
reflected at discontinuities in the cable.. The time
interval between the transmission of each pulse and the
reception of i:ts reflection are measured. By repeating ..
the single pulse maasurementa time history of the cable
length is created. This data is used to gen~rate
processed data. Someof the cable types in normal use are
FSJl-50A coaxial cable and RG-58coaxial cable with a
minimumcable length of 230m.

Sample intervals as short as 5p.s can be selected giving
a resolution of 30mm at 6000mls~A series of sequential
holes can be observed from one cable by looping the cable
from one hole to the other. It is possible to monitor a
hole of length 70mwith this system. The VODR-l provides
an on-sits graphics display and hard '\copy of recorded

"data both as numerical listings and graphics plots.
Figure 3.1 shows a simplified VODRdata curve and
illustration of howthe curves are interpr.eted.

VOD measurements are an indispensable t,ool in blast
monitoring in that they help to assess:

stemming performance i.e. selection of

21



appropriate stemmingmaterial

j" :E:x?losive tailed i;(l init.l.ate 1~""'1
( o :.

200 L \i ''\ I I
I Delay bet·",e~nho:'es 1. an:! 2 '" 4 II !~. .;_~_J
I f I

130 t 3 I \1

I 2 I .
t-·_-,-;- I

100 I I ~ L...-...-. l?rilll'.lr failure i,1 hol.e 3I 1~ .r' ,..io .... voo" I
501(- End of detoMcio,. i,·hor, 1 I

I! ---- start: of det.onat:ion in ::"0101>1 I
i..L r , , \" t.......J

2Q ..HJ ~-a!}

\\

100

Fig 3.1 Typical VODoutput with curve inte~prit~tion
(Atter L~dds et aI, 1991)

detonation performance of explosi yes. A VOD
less than the characteristic values implies
that someof the ingredients are not reacting
at alL This may be caused by a host of
factors including the presence of borehole
water, poor mixing or loading, inadequate
priming, desensitisation due to shock from
earlier fi.l:.:ecl holes ('time scatter effect) and
insufficient bl:Joster size,
gl:ound(':isplacement and its effect on cut-off
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~~n also be determined
information on initiation system performance.
Actual detonation times are obtained th~$
allowinf1 an assessment of both surface and in-

"tfale delays. compatibility of the initiation
sy'~tem and/or explosi va with the
environment can. also be verified.

blasting

3..2 High Speed C..era

The LOCAM II high speed camera is a 16mm rotating prism
t1>",~ camera usually positioned at a safe vantage point
and uSing daylight as the sale source of illumination.
Fi!ming is carried out at a speed of 500 frames per
second and this provides a detailed record of ,;:It:he
performance of the surface initia,tion system. The camera
is usually positioned at the back of each blast between
100 and 400m from the blast. High speed photograp,.qy

/ \j
.f Ii
I /,assists in

evaluating blast des.i,.gnalternatives
identifying the Causes of unacceptable blast
results
checking wPsther the surface initiation system
or in-hole initiation system is responsible
for misfires detected by in-hole von
measurements
checking out-of-sequeljlce firing.

3,,3 GeOph01l8S

A geophone is a sensor whj,bh feeds information to a
recorder. It consists of a Oigital recorder in the form
of a multi-channel high sample rate unit used for close-
in seismic measurements. The high sampling rate is
necessary to obtain the required resolution of the near
field frequency activity. Geophones provide useful

Ii \
\\
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informat,ion on tl....J overall blast performance and timing
design." Brinkman et al (1990) have recommended close-in

() :. (? • * -!: .•seismic monito:td.ngas .a means of,obtal.nl.ngthe followl.ng
»inf~;~-]nation:

overall blast timing can be determined as
initiation in each row or bole is detected by
the nearby geophones

,/1

are~s:/of poor blast performance are clear,ly
seen as the amplitude dips in the sequence ~
seismic wavelets. Whera
,monitoring is applied,

:.::J

three dimensional
the" dips can be(Jo--)

correlated with in-hole measurements thus -'~\. . ))allowl.ng assessment of other areas an the ;I
bl:::lstwhere poor performance is noted but no if

in-hole data is available.
by comparing sequential wavelet amplitudes and
durations from C10513-in seismic traces, it is
possible to detect rO#lS or holes where
overburdening or poor burden relief has
occurred by the existence of abnormally high
amplitudes.

()

~.4 The Draqline
i)

1'lledragline is a stripping machiri~ used mostly for
stripping overburden and shallow interburden$ There is a
growing tendency towards the use of the dragline as
opposed to' other stripping machines such as shovels and
bucket wheel excavacoxs because of their high production
,rates and versatility" Other reasons f(.~rthe preferred
use of the dragline include:

flexibil:i.tyin operation or ease of movement
large digqing depth capability
ability to handle or staekc material having poor
stability
complete safety from spoil pile slides or pit

24



~looding during normal operation
high percentage of coal recove!:':Yor less coal d~mal:Je
low maintenance costs

... ability to dig deeper box cuts and rehandle partings
..well /~/ .'
ability to mcv~ in any direction

(j

Fiqure :3.2,is a schematic showing-the majer comporlents of
o

dragline. Figure 3.3 is a typical dimensional diagt'all{of c

a 'Walkingdragline, the ,major dimensions being designated
by letter identifications.. Table :).1 identifies the
terminology tor the various dimensions des'ignated by 1:he

letter 'c('r-e in Fig~a:-33.2. Of all these dimensions 'the
two of m~st imp91tance are B, operating radius and G,
dumping hEdght.{1r These two dimensions describe the
physical stacking capability of a particular ltlac.hine. At
Syferfontein Colliery, the draglj,2J.e is used for both

.. '/..... .'
oV£lrburden and inter:pl.lrd.en ~tripping but this study is
based on the use of the dragline ih the interburden t:ml,Y
as mentioneQ. earlier. The various digging methods a:t:.e
discussed below:

r .

Pig' 3.2 Sehema.tic of Draqliue showinq :majoi" components
\ ,
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3.3 Dimensional diagram ( -;;a wal,kinq dra'gline
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Table 3.1 Dragline Dimension Terminology as illustrated
in Figure 3.3
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3..t~1 Dragline digging modes

This section discusses the various digging modes of the
dl'agl ine. Adragline stripping- method is dictated by such
factors as bank height! ~e nature of the overburden,
highwall anglE::and spoil pile anql~ of repose as well as
st.ability. The dra.gline dimensions also greatly influence
the stripping method. Although there are several
stripp;i,ng metl1cds with many diversifications, this
section emphasises on the main ones:

'~ IBox pits
- Simple side casting

Advance Benching
EiI;tendedBenching
Pull back method

Be:, Pits

Thl~ first cut used to begin a newmine is quite often a
bOlt cut.. This is necessary to produce an initiql
hig;hwalL This pit ~Tets its name frc)m the lyng box like
shape of the completed cut. There are t~,';l distinct

'. '{

:methods of making the box pit' without rehandling
mate:rial, these being (a) End cut and (b) Side cut.

For v\f!!ry thick overburdens relative bj dragline size~
metho~.smaybe necessary which entail certain quantities
of rehandling. These methods involve either:

G (a) Sp<.')ilingon both sides of the box cut, or
(1:1) Fir'.st producing a borrow lpi't on tile spoil side of

the box cut.

(a) and cut

'£he end cut; box pit is produced with the dragline
positioned. at the end of the pit. Figure 3.4 shews a
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. ~
typical end-o~~bOX pit. being produ,::ed. This !"',ethod is
u•• <1 in over~~rden covers that a:r8 relatively thin

',ieompared to thJ,\ dragline dim.ensions. Thus it is possible
for the lllachin~~t<l spoil all the material to the side
away :from the I! coal deposit, or -to what becoi.Ues the
opp'C)site side <it the cut from the new hiqhwall~ Figure

.'

I( 3..5 shows that i:.11 the material can be spoiled in this
ease using- a ma,fJtimumdr~qline swing angle of 90 degrees.

I

The end cut m~ithod has a very favour.able d:r:agline swing
/.

4ngl& (maximu1!1'90degrees) especially when eompared with
I'

...

that ot the side cut method. However, the end cut method
is restri~ted to r61at:i.vely ahallow Qverburdal'l
thi~knesses because of the limit on the dragline dumping
radius. As the cut increases in depth tbe waste pile
increases in 'q'olume until it can no ].onqer be spoiled
completely clear of the box pit.



\)

Figure 3.5 Plan and cross sectional view of BoX Pit,
rehandle End cut method.

eb) Side cut

The sida cut box pit is produced with the dragline
positioned at the side of the pit. This method is used, ,

when the overburden is of such a d~~th that it is
impossible for the draqli.ne to use the end cut positi<.m.
The side cut position allows the spoil t9 be dumpedat a
greater distance from the pit making it possible to wid\~n

,',I

the spoil pile at the maximum dum.ping height, as
required.
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Apper:.d,ix,Al shows that the swing angle can be increased
to tJne theoretical maximumof 180 degrees for certain
partf~ of the cut. In pr~ctioa the highwall side of the
pit "culd be allowed to lag behind the near side reducing
the maximumswing angle to approximately 130 degrees.
This is still considerably larger than for tqe end cut

"'. .:-,

.lDathod but for thicker overburdens and this given machine
sizeI' it is the only way 'the box pit can be pffoouced
without rehandle. ~\,

\'

liapla.8i4. castinq

Sillpile side casting is the most commonstripping method
and is the lIlost straightforward. This method, or
variations of it, can Pe seen as part of most other
methode even in the most complex spoiling sequences.
Basically the dragline sits on the overburden surface and
digs downto the coal surface spoiling into a pile at one
sid«!!.,AppendixA2illustrates a dragline using the simple
sid.:! casting tec:tmique.

There are two./ basic·· cuts that make up the simple side
casting method. The first is the key cut.. This cut,
illustrated in Appendix A3I is designed to excavate a=of material, termed the key, at the inside limit of
th ~ complete cut for the particular pit width. To dig
th.:s mate:r.ial, the dragline is positioned directly in
lj '\e with the key at such a point that the spoil can be
dumpedd5.rectly onto the pit floor of the previous cut.
The key cut is the only way to establi$h a highwall
slope.

It is not unusuaf for the simple side casting method to
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be modified into the advance benching method~.This is
done by fO~1ninga benchworking level for the dragline at
an elevation somewhat lowe+,than the original ground
surface. Suchan operation is illustrated in appendix A4.

This method is particularly useful in areas where the
surface conditions are soft and thus unsuitable for

I,

dragline support .., A level is!1therefore selected in the
bank so that the bearinq m~literial is of the required
atrength. Another use ls ijl rolling or hilly terraln
where there are frequent ridl~es or valleys. The advance
benching technique allows a s ~abilization of the draglirie
working level by cutting thro~9h ridges and redu(:lingfill
requirements in depressions jfo a minimum..

\\

Extended benching is the first methodso far considered
that is specifically designed to include rehandling. This
renandling is necessary to allow the dragline to handle
overburden covers that are beyond its capability using
the previc.us methodliLThis type of situation can develop
for a numberof reasons. Usually the dragline has been
purchased somet!imepreviously for a shallower overburden
condition and has been moved to a new location with
increased cover. Another situation maybe isolated hilly
areas of a prope~ty for which it would have been
uneconomical t(J design a dragline specifically * Thus the
dragline is designed {..)rthe average cover and is used in
a reha.ndle situation in some isolated areas to prevent
the loss of coal that could result if these islands were
'not takl~n. AppendixA5 illustrates a typical extended
bench operation.

This bench extension allows the drag-line to move out
towa~ds the spoil thus making it possible to reach the
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rEi4uired spoil peak. The material used to mak~ tbe
extension must be excavated later, this being the
designed rehandle. The material for the extension is dug
from two ma:i.nloca-tions, the key or the key and adv~rii?ed
bench.

Pull Sack Xethod

'The pull back method is an alternative to extended
benching when the drag-line reacn: ,is, insufficient to
handle the required overburden cover without rehandll.nq.
Its use res'41ts from simi1ar pit conditions and for
aimilar r-2as'.ms as were outlined in the section on
extend.ed benching. A typical pull back operation is
illustratad in Appendix A6~ C)

The p\3.11 back method can be adapted using a single
dragline or using two draglines. In the l,atter case both
machines are being assigned a specifi(~ part of the
operation. Th~1method entails fir.st either side ca.sting
the initial cut from the original ~round surface or from
an advance benchv In the pull back method the dragline is
unable to spoil all the overburden clear of the coal. As
a result this material fills over the coal seam at the
toe of the spoil pile and is the material that must be
later rehandled t.ocompletely uncover the coaL,

< \

i )

32



CHAPlDR4

BLASTING OPERATIONS AT SYFERFONTEIN

COLI.IERY

RockbreaJeingby drilling and blasting' ~s th~~first phase
of the production in most mining operations. Optimisation
of this process is very important because the
fragmentation obtained in this operation affects the
costs of the whole group and inter-rel.ated mining
operations including loading. In a strict sense,
optimisation of rock breaking by drilling and blasting
would mean minimisation of the cost of these two
individual operations~ How$"j'~r a minimum.cost for
breaking rock may not be in thp, best interest of the
overall mining system. The blasting related problems
usually encountered at Syferfontein Colliery include
pz-oduc't.Lonof excessive f:i.nes and/or boulders, a table
top effect resulting fr~)m misfires, hard toes and
undiggable areas- and high vibr=ttional levels. A high
proportion of fines indlcat.es excessive use of explosive
consumption which in addition to escalating cost,
increases the violence of the blast unnecessarily
(Brinkmann, 1990). The Table top effect (unfraqmented
sections) caused by misfires maybe the result of under
utilisation of explosives (lowpowderfactor) and/or poor
blast design. This situ,ation has necessitated secondary
breakage in some cases on the mine. E5.ther extreme,
predominantly fines or boulders, is undesirable as it
leads to low c1.rag1ineproducti vity in terms of SCMper
houz, low bucket or fill factor and longer digging
perioe.. The aforementioned problems justify a critical
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anaLysLs of the existing practice on the mine from design
perspective as well as fragmentati.on analysis 0 This"
chapter therefore briefly reviews blast design as it
occurs on the mine and fragmentation asses~~ent using a

, !

model. Figure 4.1 shows the summary of "the exis-cing
design parameters •

....1 Review of the existinq practice (4•• iq%1)on t.he aine

In the aections -t.hat follow the existing pl~actice on the
mine is reviewed from a design perspective using
empirical relations where appropriat~. The :t.last design
in ques~~on is categorised under drilling~ blast tie-in
and explosive loading.

4..1.1 Drillillg

I, '
I)

Drilling in the interburden between #4 and #5 seamwhere
this study is confined, ie done using a 2S0mmvertical
rotary drill. Hole lengths vary between 26.3 and 28m with
an average of 27. Sm (Table 1;\ .1). Howeverl the length of
the hole is determined by the stratigraphy of the number
4-'seam. The numberof holes pelr blast may,vary between 62
and 166. Crest burden varie~; from 5 to 6m and a toe
burden of a.Sm is pot uncommon.As can be seen from Table

i:

4.1, various combinatj.ons of spacing burden ratio were
used in different blasts. These include 10 x lO.2m, 11 x

10~2mt 11 x 10.5'.'" and 10.5 x 10.Sm. As it is the moSt
important design parameter lIrhieh greatly impacts on
fragmentation and which can be easily var-Ied in the field
for optimum fragmentation, the discussion that follows

Ci

focuses mainly on the spacirlq burden ra·tio.

Burden

The sele~tion of the burden is the most vital decision in

:14
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- _._-=. ==;:--======:='=. = =,
:l_ ___El\j~AMETER$ I EXiSTiNG PRACTICE II
::--~' I - 'l_i~1
'i 1. Drill Fattern (S x B) 111X10,5m, 10.5x10.5m;. li
i1 \11 x 1~)'2m, 10 x 10.2 !(
l 2 HID' '{d\ 1,1, ....L.&::Om 111,If.. iote iameter } ..,
!3. St~ndard Deviation (w) I 0.3 i!
:14..Hole Length (H) ! 27 - 28m il
:15. Charge Length (L) I 18 ~22m II
I{ I Ii
i /' i'[Rock Properties

'/ I'!j

116. Young Modulus {Y} I 15
il 7. R(jck density I 2.57
:18. POison ratio j 0.13 - 0.44
1\9. Uniaxial Comprssive Strength 177 • SaMPa
i 10. Rock Mass OE'scription (RMD) I 50
i 11. Density,inflUf.mce (ROr) I 14.25
i 12. Hardness factor I 5
j 13. Rock Hardnessindex I 4.16

1
· Explosive Properties !

!! 14. Powder factor (Kg/m3) 10.39 - 0..19
1115. Kg Explosive { hole 1116- 2004
,16. RWS of explosve 183.3 @ 1.31 RD
1'1 132.5@i.15RD
\! 17. RVVS of TNT I .131
1 18. Bulk density 1'1.398@ 1.31 RD
i 11~323@ i.1oRD
I
I

II Other Parameters
II
II! 19. Explosive typet 20. Decking material .
il2 '1, Number of Holes {blast
~22. Delays
; {a) Between rows
II f,b) In-hole
;1
!123. Boosters
I' 24. Stemmina
j! 25c Crest burden
'126. Toe burden
\,27. Presplit
Ii 28. Tie<{1leg. O~tao~ator _

Figure 4.1

II
it
II),

I
I
i
I

I
I

I
J!
I,
!
I
I
I
I

I.
E"6000 {RD of 1.31 s 1.1d
~ ..5 Air, Ash &Fu!i Colum~
I 62 -168 '; t
~2(ns. 67~fiS, 84ms IIiTop :;".52$, Bottom =: 500 11
ITop = soo, Bottom =: 500 !
{1 ro - 336) xA54kg III15m drill Chlppiq,gs
15•5.75• 6m'~ II
I 8.5 j
I 3m I

IVI confi9uration I
~ ! 1 x 6D _ j

Design Parameters: Existing practice
at Syferfontein Colliery
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II
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1/

Table 4..1 /1 prilling data
/1

II''''=*---=''.. =AI==~-__"_
;1 . t ,I, 1
i BLAST ! BLOCK i ~IOLE I, HOLE

',',.,1' DATE !, N!JMBER i Ot"1METER I ' LENGTH, ; j ~mm) i (m)
! (1) I (2) J i(3} j (4)L I I Ii i,=,-- ~ ,- 4i=~""""_s-:'_--=,I :!i!

I 23/2/93 i 3205109 /1250 27
, 2612193 ! ~20587 II 250 28
omm j ~~m i?~ ~5
1013193 i ,320575 . Ii 250 27.5

;t 18/3/93 f ~J20543 ~ il 250 27.5
il 25/3/93 320531! I': 250 27.5
I 30/3/83 320501!" 250 '1.7

_'It ,01/6,"93 ! 3206108 250 27.5
I 08/6193 i 32067ft' ZoO 27
'Ii 11io!93 I 320672 ; Iii 250 27.8

18/6/93 I 3206q_e I I 250 27
i 2916133 : 32064;$ I i~ 250 26.3r' Avb;~ H<A ;Eg 2~-=-t=-nr =*[=====5'3==<i=~;=

STO i~~ o.og 0.45" ! 0.43 =,==,=!,-,,=,O=9,===L.=====

f IIj I,
II II
1/ I'

Ii;!

CREST
8URDEN

(m)
(5)

TOE
BURDEN

(rn)
(6)

~'r=d-6)====r=====--=~-==========-
1" i1

i NUMBER :1
j 0'= HOLES :1. . :,

6 as
6 8.5
6 8.5
6 8.5
6 8.5
6 8,5
6 8.5
5 8.S
.'j 8.5
5 8,5

5.i5 8.5 :'IJI
5.75 8,::,

(7)

164 --'1
139 1

£7 :1
114
85
~68 \I'~,

62
19W
f3!!"114
96
166

- :

122
'iA5 ~

II ..
i! I,
Ii :i

a blast!' desii~n. The dimensions selected must suit the
charact/krist~rc of the rock being used. This parameter is

II H

chosen 1/ so Ii that satisfactory fragmentation and
diSPla1rementjiareobtained. Dubni~'s (1964:) study of more
than liFO miI1!ingoperations shows that irrespective of
zock m~~teria~L,explosive material and initiation system,
the buj~den (liS) is practically related to hole diameter
(d) as folloi~s:

I
B ~ O.024d + 0.85

wi~~ correlation co-efficient of 0.7988.

(3)

Applying thi'~ relation to the syf('rfontein operation with
/; '/
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a hole diameter of 250mm,

B = 0.024 (250) + 0.85
c:

= 60994m ~ 7m

Hence a burden of 10 ..2 to 10.5 as used on the mine':
iJ '

appears to be too much.. with such a large burden, the
unit volume of rock br~~en increases and fr( 'len~2ttion
may not be sati.sfact,o:r;y; On the other hand th"'t'\redl1c~fi

//' <:
burden means mo~)eholes and an increase in drilling cost
per unit volume. A trade-off is requir~d between ~~Qser

?) \_~:
-.dt"illing pattern neces~itatinq more explosive input and

good fragmentation affording easy dragline diggability.
,:)

".\

~r9an (:982) I throug_,~ a series of studies, also
x.-Ileconunetidsburden inlj')the range of 20d-35d ,with the

ii ,
optimum around 25d. that is

(4)

lII'hel.-e B = Burden" in meters and d = hole diameter in
llIfillimetres. With a hole diameter of 250mmas used on 'bhe
1!ifine, this empirical relation gives a bUl;'deni'~cihthat

;)

B ~ 25 x 250mm= ~.25m.

1:nall oertainty this does not deviate very mueh fro,mt.he'
value obtained using Dubnie's apprcach and hence confirms

.~-;

the argument that the burden of 10.Zto 10.5 used on the
mine appears to be too much.

Hagan justifies his argument by proving that excessive
burden (greater than the optimum value) :tl1ight result in
one or more of the following:

(a~i Inabili ty of the strain-wave to fracture over
a greater distance thus preventing efficient
utilisation of heave energy.. High pressure
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C,.i

,;

gases then jet into a network of slt:llrt radical
cracks created, r.rhich is inadequat~ forn ~ \
efficiEmt breakage •...'He:~ve energy is unable to
provide adequate displacement and its

.I:. .. •nSj:joc~ated.breakage, and th~s r~sul~ in a
tigh't ~auckpila resistil"lg dragline bucket
penetration. c'

p f
Explosive"gases can bottle up within the blast )
hole for a period of time which is longer than
the op~imum, resulting in ground vibr~~ions.

n
In their effort to escape to_ the atmd{;phere
these gases are obliged to s~ream into, wedge
open and extenq both natural discontinuities
and sttdin·~wave indUced cracks all the way

,I

around the blasthola. Forward-looking
fissures and cracks are not preferentially
ext~.41ded. (Forward-looking cracks are
~~tended prefe~~ntially in a blast with a
well-balanced burden)

(c) With a much larger burden, e~~losion gases
::: //{

behave (/as though they are w<;')rkingto Ol1l.~ the
horizontal face, i.e. the natural gro·und
$l.lrface; the shot becomes a crater blast. The
degree of fracturing t looser,ing and 1c'ss 'Of

cohesion within thf", strata tends to be
symmetrical about the longitudinal axis ,iof the

'\ i,' ..;blastholsp Tpis encourages exq~ssl.ve
II (/

overbreak and fac~-loose rock, a si,,~uation
often encountered on the mine.

Spacing l.1:,) an important param~t.er since it coo.trol,~
mutual stress effects between l'loles. This dim/ansion is
dependent mainly upon '~he burden, hole depch, relative.
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primer locations bet.weenadjacent charge columns and the
delay interval used tor i'\djacen.t cha...·g'3s. 'I'he spacing
(S) 1 accordl,ng to Dubnie (1964), is relat~d to burden as
follows:

s == 0.95 + 0.91 (5)

with correlation co-efficient of 0.86.

H~'nce trom equation 4) wit.h burden B of 7 t the epac i.nq
.is

S = 0.9 (7) + Ou91 = 7.21m.

The spaci.ng uued on the mine-varies between 10 and 11m.
"With suc~ large spacing, craters due to one hole mayfail

to overlap those produced by the next resulting- "in toes
and hence diff~culty in digging by the dragline. This

" fl~
sitt',ation is not uTicom;nonon /fhe mine and is apparently
one of, t.he reasons for fragmentation problems resulting
Ln lo'w dragl ine digging eff iciency. The spaci:lg-burden
ratio is discussed again uhder fragmentation assessment
using a computer model.

Furthermore wkere the spacing is too large I the rock
between anti jt.:lst in,frollt of the blastho1es in the back
ro;~ may be poorly broken. Such solid pinnacles oi:
buti7resses could cause relatively low digging
eft'icl.encies, especially at or near grade level where the
unbroken buttr4;lsses would be manif!:!sted as toes.

'llbe selected spacd.nq, ther. fore, must be a compromi.se:
large. enough to prevent; excessl ve overlap of overbreak
~ones behind adjacent blastholes, but. ;,;mall enough to a
giv~ re].atively evenidistributior:. of explosive energy in
the rock to be broken and zemoved,
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Blast Tie-in

Table 4~2 summarises the ite~s discusse~ in this section
about blast tie-in. These include initiation, delays and
boosters. A square drill pattern is used on the. mine with
tie-in the form of VO contiguration (see figure 4.3).

~ ~
\\

\1
,)

A ba~j'('r requirement of multiple line blast.ing is that a
reflecting plane or free face must be provided in front

~\ '0

,of each row of holes. in cirder to pre-condition the rock
mass of the next row to deta.ch or. displace it

II

horizontally. This requires delays in the sequenq~ of
"detonation of blast holes. or groups of hlast holes. For

the property being investigated a 42 ms, 67 ~s and 84 mS
delay betwee>'~~ows 'are .Ln common use. Shocktube is ~S~d
as a trui1kline and·ther~ are no delay i.nt'drvals between

" -holes as" such. Crosby, et al (1.~81) have found that: the
time it takes for the burden to start to move in a bench
bla?t is proportional to the size of ·t~e burden. Th.ey

\1 \. i,1 '"I;

advccane that for opt.finum.: blast displacement a ~.l.!!':'~ace.

d~lay interval between rJ~s of holas should be 5 7 ms
'\"-

per meter of burden. :I \i Ii

Le (6)

For a burden of ~O.5 used on the mine, the d.elay interval
requirem~nt will be as follpws:

It can be inferred from the above analysi., that the 4~ms
delay in·terval used on the mine is simply inadequate
cOl1:,sideringthe :burden used. With such a short delay I

there mayhe insufficient hor:l.zontFf,l displa ...",:cm~ntof the
\\ "

w.tckpile, which in turn l1'i~ans~:mUC'lq?ileheight wil]' J;le

10
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Tabie 4.2 Blast tie-in

c

.

~LAST IsLbcK ! SX B SHOCKTUBEfTRUNKLlNE'1DELAYS'1iT80LE -"OOS'-ER !
I DATE II NU~BER {,,-if) {NONEL}! LENGTH I3EnNEEN IJElAY W~IGHT 1I ., (CASES, m) IHOLES ems) (ms) (grn) ,

f--:_J1L f-_Qi _@L ~(4) ~-t-.J§l-r-_rrL_~'_@ -0 _I

I 2312/93 I 3205',09 Nl=164X12ffi' 4 I 37 X 42 IT'" 525" 1 328)(_ 4549 I

! t - N2=164X30m 1 I B::: 500· ~jr 26121?J3 320587 N1=139XfCm 6 -- -29 x 42Jr~525- 27~ZJS4a
N2=139X30m I B :::500 ~

~- Q313793--r-
1
320576 10X10.2 Nl'97Xiom I 10 -23X42-1 T= 52S~5'G.

1_ I N2~~m I ...:_ ___ L_B.=5(l0 . .r 10 X 10.2 : N1= 114~~OI1'

r1B!3/93 '8.320543 1~.1.:1.Xl!i.2! ~;<""1'54J13~~ 4 --J'.' "-17X42t+-i-;-~~3-1' 17<fX4549 I!'I - N2=B5X10 B '" 500 .r- 2513/93 . -32CSsr-1 1;X 10.2 N1=168X10m 5---- I 40 X 42' -r = 50(l 1336 x 4~r£g
! L., N2=168X30m I B ";:500 I

OCiOm

rL01J6/9;.\ t~--t 11x 10.s+ii',·=Th~,":., 4 r·5X42+1 = 560-r390 x 45:J
//! N2=183X30m ~T;::; 5[10 I';_____ • __ • _ _ __ _ ~ __ J.._ __

08.16~ I 9-~ 78 11 X 10.5- r41=65X10m 5 15 X67 B = 500 1130 X454g I
/'i" N2=65X30m T :::500

~"'J93 -f 3201'76 11X1[5 ~1:~;f~;~~Y 4 + 37"".2 ~ ; ~~ ~8'" 454~r1SJ6m't320665 t1x 10-:-51-Nl=96x30nr~- 3. x 6", l-(:500- 192X 454-~
/ N£;=96X12m 8'" 500

89fJ193 320643 10.5X:1\).5 I N1=166)':;Om 13 ~T54X42 I T::: '~00O:32X 4549 .
/ N2=166X12m. 1!:::soo

, (f817/93 1320622 10.5X10,5 N1;194X30m, 8-- 93X42 ;-;500-!775X4549,i N2=194X12m. B~!)OO , !_____ L. ... _.....__._ _-___ _ ..........---.__ ...._~ __

T = Top Charge Firing Time B:? Bcttom Chargtl Firing Time

,, ::J-,. ~ «_: 4<:.,~,. _ ........ , ."' ~_.._.'_'
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(Source: Byferfontein Colliery; BLASTATS, :rnterburden
Blast, June 2993).

'Figure 4.2 Blast tie-in: VO configuration
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more, blast can be choked, formation will be tight and
the floor will be full of toes. This situation partly

-:,
contri~utes to the difficult drag];iine digqability and
hence lowproducti vi ty experienced in a numberof blasts.
!t should nonetheless be noted that if the delay interval
is too long, cut-off' of ,the primacord line or in the
extreme case the disruption of the explosive column can
result. 1\

'I
I

Two types of in-hole delays are in commonuse en the
mine: top 525ms, bottom 500ms in some casali and 500ms
for both top and bottom charges in other cases.
Investigation of in-hole delays is best done through
velocity of detonation measurements and this 1s covez-eu
in chapter 5 under blast monitaring ,.)

Bxplosive Loading

,The expiosi ve loading data has been summarised in Table
4.:1 :for the blast. under consideration. Twoformulations
of emulsion have been llsed, viz. el(ulsion E-60GO

.>(
(relative density 1.33. 91m3) in sqJl\ecases and in othe'X'
cases gassed emulsion of relative density 1. 15g/m'l. In
effect, Emulsion E-6000 is a heavy ANFO consisting of 60%
Ma~rix or Emulsion and 40%ANFO. Powder factors range
from 0.39 to 0.49 kg!m3 with an average value of
o. 45kg/m3• with SUOt! powde:e factors fragmantati(!n

\>

problems should not be anticipated but this is hardly the,
case ,

The high shock energy of an emulsion is also resp~nsible
for the crushing of rock within the inunediate vicinity of
a borehole thus contributing'to excessive production of

'\

fines. This situation is exacerbated by then lack of
horizontal displacement of blasted rock which results in
a tight muckpile which offers resist.ance to bucket
penetration and thus clliminates in low dragline
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Table 4.3 EXPLOSIVE LOADING DATA

~
.... _.o

~- . ~.T ~'- -- -- --- -- - _. -- - - . --, --~"'====.-~- ~-===.:\4

ii BLAST I BLOCK I POWDER I Kg of ! CHARGE T RELJ\TIVE DECKING JTEMMINGj RELATIVE r BULK Ij
i·
I
'. DATE NUMBER t, FACTOR! Explosive LE'. NGTH I DENSITY -MATERI:,LI_ --LENGTH I LENGTH I WEIGHT IDENSITY •..1I II" (Kg/m3) I per tfo1e (m) (g/m3) I (m) STRENGTH I (g/cm3) "
II (1) (2), (3) (4) (5), (6) ! (7) • (8) ! (9) ! (10) I (11) !.
JL- L. . _. ,__~-_~----j---, .... . __._L-,- __ J _j -.'. ---L., L__ . . .._L .J!
Cf'23~93 ",13205109 r-~A8 ---'I.- 1171 , ---;-;; 'I- -'1.3 I Ash -r-II-3--T--;--J, 83~3-r-1. __39~--111
I, 26/2/93 320587 0.44 I 1273.8 20 1.3 Ash 4 I 4 83.3 I 1.398 I,

I 03/3/93 320576 0.49 I 1310 19.5 1.3 I Ash 4 4 83.3! 1.398 I'
,I 09/3/93 I 320575 I, 0.44 I 1200.7 17.5 I 1.3 II Asft I 5 ! 5 83.3 I 'j __398 Ii
'I iS13/93 I 320543 0.39 [1116.7 17.5 1.3 Ash I 5 5 83.3, 1.398 II

25/3/S3 I 320531 I ;0.48 I 1234.3 I 17.5 J (; 1.31 Air 'I 5 I 5· 83.3 II 1.398 II
30/3/93 I 320501 ~1.43 I 1289.5 I is 11 1.3 Air 3 I 5 I 83.3 1.398. "

11 01/6/93 ! 3206108 0.45 . 1265.5 I 17.5 1.3 I Air ! 5 5 I 83.3 c 1.398 l!
0816/93 ! 320678 I 0.48 I 1449.4 I 171 1.3 1 Air I 55! 83.3 0 1.398 II
11/6/93 I 320676 0.4 ! 1288.6 18.5 1,3 Air I 5 5 I,'. 83.3 1.398 II

• 18/6/C3 ! 320665 I 0.49 2004.7 23. 1.15 - - 5 82.5 1.323

129161113 jY~OO~.L0.48 1_13~-5 121--3_l 1.15 __ '.J.' _L_5._L~~J__~32~_11r AVGj'- I045i-13i25.89 J 18.86 1 1.28 I ,.. '1 3.67 ,-- 4·ff3--r83.166667j-1.386 JI
tL__ Sl]d__-L-==~_ .._~<1_Q?-=.-, 2.1~8. 1.75 _. O.Q~ .,-, _. ...1 _;!J~O. _L__O.~I __ lO.29~14?4! __0.02~L_

o
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pl:"ioductivity. The selection of tlhe appropriate surface
delay interval could eliminate tight muckpiles and as a
consequence improve the dragline digging efficiency.

Decking

Deck loading is performed by the mine to c.o'c,mteract the
hard ):)anded formatpons ot: aandet.one bet.weex'.which is
sandwiched a soft siltSjtone layer, and also t; achieve
l::!fltter vertical energy d.istributl.on for a given ~4~der
factor. Figure 4.3 illustrates a typical section \it a
blast. hole with deck

I,
,/

\j

T
7m

_j_

SUP~ACE TRv~IN!
{E-COtu:i)

1\

STEMMlNG
sM

;

-+t----- 'liOF CH.t\.RGE
(E-600Q+, 6'7QKG)

454 G MOSTER

r
I
I
i

12m ' ... .

1
...
•

t---=--~!--t!+--'--' 250mm HOLE
(28M)

BO'l'1'OM CHARGE*+-_._ (E-6000"'/ S04.KG) .

454 G BOOSTER

STONE ATTACHED
TO PRIMACORD

+E...eooo ---> 60\ Emulsion + 40\ ANFO

Figure 4.3 Deck loading in ~ ~laq~
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loading. The mine employs either ash or air of length
bet.ween3m to Sm as deck. stemmingmaterial betwEienthe
top and bottom
charges. Full columncharqinq has been a recent practipe
in an attempt to redress fragmentation pl':"oblemsas well
cas di9ging difficulties observed··with the dragline
operation. The effect of decking on fragmentation and
dragline performance is addressed in the subsequent
chapters. Where deck charges are employed separate
primers are used for each deck. As mentioned earlier,
charges are either delayed in the hole at 25ms delay
intervals, or not delaye.d in somebases. In the former
case, initiation is from bottom to top to avoid the upper
part of the hole being weakened before the lower
explosive column generates its full velocity. 'tIpper
fracturing creates an escape route for the gases which

J)

should remain confined to accomflish the ~ork of br.eaking
and fragmentin.g. Furthermore ~bttom priming results in
better breakage in the area which is the zone of rock
most difficult to break. A 4549 boost~er is inserted in

r>,
both bottL..i and top dtick to bring the explosive to
detonation quickly.

4.2 praq.ontation Analysis

Fraqmf:!ntationanalysis is one of the major considerations
when assessi.ng blast resul ts. owing to the nature of
Qla~ting and the variation of geologicql factors it is
dif'ficult to predic,' )blasting results either precisely or
consistently. Any attempt to predict blasting is
~ndicapped by two obstacles, viz:

geological conditions which can not easily .be
mappedfor every blastc
implamentation of blasting plans is subject to
the vagaries of day-to·'day prOblems such as
lost holes, short hoit~SI inconsistent water
levels, drilling Inaceuracy and cut-offs in
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the explosive column~

Nevertheless there are l.'easonable indic<\tors for
assessing blasti.ng effectiveness. These include

fragmentation, what percentclge oversize
hard toe arid undiggable ax'sas ne~:essitating
secondary breakage
multiple profile
loading rates as well as we;at' rates on bucket
tee'i:h . '\ .others such as backthrow, flyr1ock, vl.bratl.on
and air blast."

While alb of these factors maybe tel~ed \satisfactory'
or 'good' the question still remains, HAre we blasting

./

too heavy or too tight~r .r
i
•.;he relati ve importance of thel!,.'

above-mentioned factorei;t;-$ debatable.. }..factor such as'!
the loading rate" is ,quite subj ecti ve as it is
inextricably linked to th~Jindefinable differences in the
operators' abilities (Hino, 1956). This subject
(operators' perfo~~ance} is covered in Chapter 6 under
draqline performance analysis. A visual observation of
muckpile as a means of assessing blast effectiveness may
resyt in ~:t'rOl?eousconclusions. This is evid.enced by

the.1ea:t;'lier studies by Brinkman (1990) whE~re the
muckpile profile looked very good but a l()t of boulders
were observed and difficulty wasencountered whendigging
commenced. This method, al though employed by many
blasters, inevitably underestimates fines and cannot also
determine the buried dimensions of prot:ruding boulders.
In the next section emphasis is placed on :fragmentation
as a :meansof as~essing blasting performance through the
use '{.)f a model which has been tested and proVed as a
satisfactory predictive tool of blast results.
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Fragmentation Assessment with the Rtl'Z"'RAMHodel

One of the: most important, objectives of blasting is to
have reasonably good fragmentat:1.on for <it muckpil.e easily
amenable to shovel Load Lnq , Mucheffort has recently gone
into accurately predicting fragmentation, as the degree
of fragmentation of rock affects the performari:ce of
loading I crushing and the <)verall economics of the mining
operation (scott" 1992) • . t is acl~,(l.owledged that
screening is the only reliable, accurate and unbf.aeed

method of evaluating fragmentation quantitatively.
Nevertheless given the large vo1ume of. rock broken per
single blast ahead of drag'line diggin~J, screenin9 or
sieving can not be conducted, as a means of assessing
fragmentation. The use of a reliable fraq':mentation :l1lodel
for predicting blasting results is ~hus justified. Fig

~-.;

4.4 is a field model illustrating blasting inputs and
c,

outputs. The KUZ-Rl\M model (Cunningham.. 1983~ is an
emp.irical fragmentation model used for estimating
fragmentat'.ion. It makes use ot the Rosin-Rammler (1933)

curve and Ku~netsov {1973} equation. C MLownds did an
extensive work ont.ne fragm~rntation model based on crack
growth theor.y. In particul4\r it shows the. relationship
between blasting parameters and mean ~rag.ment size.

Fragmentation of rock, accor~iing to Brinkmann et a1
(1987) 1 i) is affected principally by four categories of
factors, viz, rock characteristics \(extent Qf geological
and mining induced structural discontinuities), explosive
character~stics, geological relatic,nship between
explosive and burden :Cock (factors that det~rmine the
pcwdez facto:c') and dynamic interactions which occur
dur'ing millisecond delay firing.

In the KUZ-RAMmodel, rock has been defin,ed by a "Rock
factorU, 'A'T which was recommended to be :!;lietween7 and
12, depending on the hardnesG; and jointing of the rock.
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The expl~lsive p.~rfoiillance is defined by the density and
relative :i weight~ strength, and substantiation of the

.,)

actual fX1,agment.ationachieved was based on the available
publishedl resuli~s.

( )

The rele'ljrant eqnations are

(a) l' Rosin'''Ra:mmlerequation

{7}

where
R = proportion of material retained on screen

Xcm
,1\(Mass fraction of fragment'larger than X)

= screen size (fragment size)
//

x
x, =: characteristiesize ~r average fragment

"~,I

size (50 percent ma5S passing, derived
from. Ku:?;netsovequatio!t)

n = Uniformity index, 0.5 - 2.0

(b) Kuznetsov equation

(8)

where
Xc =

A =
K =
Q =.:

'f; ;:::;:

ETm =

Mean size LnRosin-Rammler equation, em
Rock hardness index, 1-22
Powder factor, Kg/m3

Kg explosive
Relative W~i9ht strength of explosive.
Relative Weight strength of TNT

Th(~ 'ROCK HARDNESS INDEX, A' is de! Lned in terms of rock
\'

mass desC!lt:'iption, density influence and ha.rdness as
follows:

4!~

1,1
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Figure 4.4 Field model Illustrating Hlast design Inputs
and outiputis ,
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\ -'A =
o

(RMD'+ RDI + HF) x 0.06

where
= Roek Hass Description,

'/

Ii (FriabH~:; 10
Massi'fe = 50

Vertically jointed == JF+)j:
= if&~ntFactor (defined below)

Depends on drill, pattern, joint
spacing- and
joint condition.

lIDI = Density influen\:!\!
)'.1'

(ROI = '~:3 x Density - 50)

RHO

JF

HF = Hardness Factor
(if Y > 50 GPa, HE' == UCS/3)
('oF Y < 50, Gpa, HI' :; y/3) 11_

,I::i

The joint factor ..JF is de,fined..ps
\"'.,,'.

JF = (JCF x JPS) + JPA ·f~".,· (10)
, /)

L~i
where
JCF = Joint Condition Factor,

(Tight::: 1, Relaxed ::= 1.5,
Gouge filled = :Z.O) 0

JPS =: ~-;;:i~.\\ ~paC!ing across P&t~tel'n
/==- " "({:O.lm" JPS "!o:: ro

<DP, JPS - 80

>DP, JPS = 20

DFI (B x S) o.s);:

JPA = Joint Plain Angle factor,
(Dip out - 20
Dip in - 40
Dip perp- 30)

\.'

1(Y in Gpa, ues in Mpa I Density in glee)
51
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cunningham (1991)'has derived the exponent of 'Uniformity
'n' in t;.he Rosin-Rammler' equation from blasting

parameters:

II
n = (2.2-l:~Bld)1 f(l+S/B) /2)°·5 (l-W/B}L/H (11)

,/i

where
B := Burden, :m
s - Spacing, m
d :;; Hole diameter, m.m
W := std Dev f;1f drilling accuracy, m
H := Hole length, lt1

L = Charge length, m

The uniformity exponent 'n' of the Rc~in-Rammler
'expression is more critical below 1; and the nQrmal range
is betwesn 0.15 and 1..5.

II
"

Based on measllrements of fragment size at a wide and
varied number of"blasts, the KUZ-RAMmodel has been found
to 9J ve remarkably consis'tent CCind reliable reBul ts in

(I

both smlill- an'" large ...~cale blasting operations. It is
a uR~ful tool for predicting maxill\u~.fragmi'imtsize and
also for comparing implications of various blasting
layouts. Richard at ai, 1976 have measured
fragmentat,ion from blasting .Ln limestone using 22m
blastholes. The correlation was good by any standard and
agree.ment was over the whole size range (Figure 4.5). For
an overburden blast at an Australian poal mine, Lean a.nd
Paine (1981) showed that the KUZ-RAMmodel gives
extremely g'ood correlation in the coarser section of the
curve but rather indicates more fines them qi ven by

photographic analysis (Figure 4.6). Howeveraccuracy is
generallY:nlora important for the coarse fraction th.r:.n for
the fines.
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(Source: Richard at al, USBM Report on Inv. 7704)

Figure 4.5 M~asured Values and KUZ-RAM Prediction of, .

Mean Fragment Size

To . use the KUZ-RAM ro.odel for the analysis of
fragmentation at the Syferfontein operation, a
spreadsheet was developed by the author using the input
parameters illustratl'2:din T....l.ble 4:.4: • The inputs are
categorised ~nder blast design parameters, rock factors
and expl.osLve prapert.i.esas these are the major factors
that affect: fl:agmentati.on. As ithis project report is
baaed on the studies confined to interburden blasting on
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}i'~gure4.6 Measured values and KUZ'-PAMprediction for
fragmentation in limestone ..

the west bank, strips 5 and 6 where fragmentation
problems were experienced, each of the twelve blast
(blocks) ha.s been analyzed separately" The outputs from
the computer are the uniformity index or exponent and.the
mean fraCJIl1entsi?ee A~~the principal argument is to

'\\

compare the results of the various blasts in ter.ms of
fragmentation,the uniformity index and the mean fragment
size of each blast are sho\fl on the same Table 4.4. It
can be seen that the uniformity index or exponent of all
the blasts is greater than 1 and the mean size ranges
from 27.55 to 32. 54cm which apparently portrays aVAragely
satisfactory results. Nevertheless optimum
f,ragmerJ.tationand a sufficiently loose muckpile affording
easy peuetration of the dragline bucket teeth, the
uniformity Lndexvalue is expected to fall within 1..15 -
1.25, a situation sea/eel:! attained from Table 4.4

(Cunningham,1992b).

Figures 4.7a and 4.7b illustrate the Rosin-Rammler
fragmentation cuz-ves based on the input parameters given
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Table 44 INPUT PARAMETERS FOR FRAGMENT ~IZE ANAI.YSIS

KUZRAM MODEl. FOR DIFFERENT BLASTS ~

E~~!~e-~==r~:'~~~f~:~r'rO~:5:6~~~~'::5-:~~:5:~l~:!;.u~::~::rrI~·~~:~f~!I~):~+1~~~5~l!1~~:':~:i,l
iSpacing{S) I 10 I 10 I 10 I H) 11 I 11 -:::11 11 11 'i1 11 10.5·

IHO!e:::_:Jmeter(el) 250 I 250 250 I 250 250 . 250 :150 I 2$0 I 250 I 250 250 I 250 ,I
Std.Del!(w) I 0.3 i 0.3 0.3 I 0.3 0 0.3 0.3 0.3 0.3 I 0.3 0.3 0.3 II
IHOleLength (1-1) I 27 ',2B 27.5 I 27.5 . J// 27.5 27 I 27.5 27 I 28.5 28 26.6 If

~Charge!ciI!Jth (L) I 18 ! 20 I 19.5 I 11.5 l17.5 19 17.5 17 i 18.5 I 23 21.03 1.11

II I I I !.,.
,lYoung Modulus I 15 15 15! 15 15 15 15 I }:S, 15 I 15 i 15 i 15 I
Density 2.57 I 2.57 I 2.57 I 2.57 .'2.57 2.57 2.57 r 2.5/. 2.57 .1' 2.57 I 2.57 : 2.5'!
RkMass Desc. I 50 50 I 50 I 50 . 50 I 50 50 I 50 50 50 50 I 50 I
'Densi'iyintlu. 't' 14.25. 14.25 '14.25 14.25 1425 I ~4.25 14.25 14.25 14.25 I' 14.25 14.25 I 0.14.25 I

HardnessFactor 5 5 55! 5 ! 5 5 ~ 5 5 I 5 I 5 5 I
RkHardness"'do< I 4.16 I 4.16 I 4.16 4.16 i 4.16 416 4.1. I '.16 4.16 I 4.10 I 4.16 4.16 I
Powderfactor I 0.48 I 0.44 ! 0.49 0.44 I O.Z::l LAS! OA;j .::.OAS 0.48 I 0.4 i e 49 C.48 II
K.9 ElCPIOSive./HO ..le I..1...1.71 ! .12.73.7J8.1 1310 1200.7 [1116.7 I 12~4.3 I 12995 1265.5 1449.4 1288.6 21)04.7 13C6.5jRWS of Explosive 83.3 j 83.3 83 83.3· 83.3 I 83.3 I 83.3 83.3 82.5! 82.5 1 82.5 I e2.5
RWS ofTNT 1·.i1 I 131 ~ 'i3'! ,131 131 1~' I 131 ! 131 I 131 l 13t 131 J 131
___ ._~ . .... __ .L .. _j_ _..__ L_ __----l L ._ _ ..
rnror:mrtYlildex--I1.00 L 1.13~T7i2 L 1.01 1T.03=r-rnJ-r-r:t4-·1r--nl~-T-:on--I- r:or-[~-:-311--r.28·· ,

"Me_~e -=-=-~~c}t.~7_ ..__ 2l!:.~~ _L_27.56 29.66 .L ~";13 ,27.78, l~L_ 29,-~6~~~t~u. .32c~4___ 2S4.LJ .?8.1~~.

l.."1
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Fig 4,,7a~ R.osin Ranrinler fragmentation curve
- high uldformity index, n =: 1.31 - ()
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Fig 4.7b Rosin-f<ammler Fragmentation curve
- Low uniformity indext n = 1.01 -

56

()

II



in Table 4.4. Similar curves for the other b~.asts are
shown in Appendix B. In principle the curve shows the
percentage passing at the various size fractions
egui valent tQ different scre-en siz~:.,s. Furthermore the
curve shows the distrib~tions of fines, coarse .and mid-
ranqe sizes '·of each blast. The S-shaped curve qi ves the
best distrib\].'~ion. A typical example is e)Chibited by
Figure 4.7b.

Fines in this context have been defined as any size
smaller than Som as the dragline bucket finds it well-
nigh llimpossible to pick up rock of this size.. Oversize
with respect to the draglirAe .buok~t is defined here as
""size17larger tht.~'Q 140C1I\i.e. one-third t:he width of the

• ,I \~

dragline bucket (cunningham, "1993). According to
CUnningham,any b;t.astinq ope:£at~i.oncont.inually resulting

, . .~:

in si~es greater than 80cmshou:H1be review~d. Aqainst
this background, sizes in excess of aOcmhave also been
analyzed from the Rosin-Rammlercurve. A summaryof the
percentage fines (-Scm) and oversize {fraglnent In excess
()f aOemas well as 140~m) f.or the var.t,ous b19\stS, as
ded~ced from the Rosin-Ra'mnllercurve are shown Itn Table
4..5. I: It can be deduced from Table 4.5 t;hat the
percerttage fines range from 7 to 11 with a mean \alue of

\-9.31% and oversize (>80cni) range from e to 18.5 with a
mean value of 13. 36%, and boulders greater than 14Oem

range from 0.2 t,., 4.5% with a mean value of 2.07%. The
resnlts of the fragmentation analysis are discussed,
below.

Discussion of results

;A study of Tab,le 4.5 reveals 'uniformity ~naex \n' values
_ Ii

ranging from!!1.01 to 1.28 .. cunningham (1991) has shown
through a series of studies that the normal range of 'n'
.is between 0.75 and L s, with an ~verage around 1-

! I
\)
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Table 4.5 Percer.t Fines and Oversize Deducedfrom
Rosin-Rarr~lerCurve

1
3

I .5
i 1.5I
t 4.5
I ."/ ~

I .... ..;)
2

i -1-
i 0.2
f 0.3.,

2.07
0.2 - .1.5«-

....

Therefore the range of L 01 tft 1.31 observed in this
study appears satisfactory. It is noteworthy that values
of··\ n' below 0.75 represent a situation of 'dust and
boulde:t:'s'wh5.chif it occurs on a wide scale in practice I

indicates tr!at the rock conditions are not conducive to
control of fragmentation through changes in blasting.
variations in the uniformity index are more ({:ritical to
oversize and fines for values below 1. For n\== 1.5 and

:j

higher I muckpile texture does not chanqemuchctlnd errors
in judgement are less punitive. As seen in the previous
sec:tion opti:mumfragmentation and sufficiently loose
muckpile affording easy penetration of the dragline
bucket teeth is achievablE!\if the, uniformity index falls
within 1.15 and 1.25.

Asmentionedearlier I percentage fi.nes range from 7 to 11
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with a mean value ofiI9.31%. A ~arge po..rcentage of fines
indicate excessive use of explosive. Thisiisame situation
may lead to low fill factors or bucket f<1ctor~C)of..the

.'
dragl:..n1a. However a mean value of 9. 3~% z.s not.
sUfficient to warrant much attention .., Furthermore
handling of fines as such does not nOrlllally pose a
problem fer the mine.

The proportion of boulders In excess of l,40cm :L.mges

from 0.2 to 4.5%. This indicates that ther~ is virtually
nq, o7ersize per se with respect to the dragline bucket
(75m3) " Nevertheless boulders in excess of 80cm range
from 8 to :18.8% with a mean of 13.36% and calls for
concern. with on average more th.an 10% oversj,ze i.e.
greater ()than BOcmuncove~ed by the mo~~l it is worth
reviewing the blasting operation. The 'Table Top ~ffect'
or completely unfragmanted section which was encountered
on two occas i.crrs confirms this argument. These o~casions
obviously called for secondClrybreakage. The reasons for
the occurrence qf the 'Tabl'2 Top effect' are explained in

"
the next; chapter.

The mean fragmen't size ranges from :27.55 to 32. 54cm.
This measurement, although giving a rough idea of the
entire fragmentation in quantitative terms it does not
have any practical significance as such. One of the

important attributes of the KUZ-RAM model is its use in
analyzing the effect of some major variables that affect
fragmentation. This is the subject of the next section.

Sensitivity analysis \
\

There are a h(lst af factors, ranging from rock factors
through design to explosive factors, that affeCT" the
fragmentation of rock. Since the burden spacing ratio
and powder factor are the major factors which can be
easil1' varied on ..si·te, sensit+wity analysis using the::
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model have bee.n conduct.ed on t~1'''''--' The results of
C') \

varying the spacing burden ratio'\.., pOiNder factor are
~ -: '. _~/, ...~...-t..,

(jiven in Tables 4~6 and 4.7. 0

II

- BURDEN' SPACING RATIO-

Il

•icp Right hand .eorner figures refer to uniformity
:rtdex (n vatuesj

Table 4.7 SENS1T!V!TYANt-LYSiS
- POWDER FACTOR -

" PC\NDE.R MEAN, iQ\lERS!ZE IOVERSJZ::: iI'1!:
it FACTO";; SIZ_gjXml :% :> 140cm % i;aocm it
H (Kg!m3}J: {em\ ~ :;

I -"
',' 1° 'I

l! 0.49 27.45 0.08 4.09 I,, 0.48 27.91 0.10 5.34 iI
I~ ""\

0.<.17 28.38 0.11 5 71 if

Ii "i!
II 0.45 28.87 0.13 6(:19 If

'I
J,I OA5 29.38 0.16 6.52 j.

l! 0.44 28.92 0.18 697 :1a
,i 0.43 30.47 0.21 7.44 II
H

0.42 31.05 "" ?t:: 7.95 Ii
iI v....'" II
1\

0.41 31.65 0.29 8.50
I'

li

IiIin 0.4C ~"''"'Q 0.34 S ai'It- ""~....: ... if
Ii 0,39 32.55 0.40 S.69 !!
i,l 0.38 3;364 0.47 10.34.:- ==-'.;:::"~
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"
The uldformity exponent is the output of such an analysis
or index of measurement. The subjects of burden ,nd
spacing have been discussed earlier in se.ctions 4.2.1 and
4.2. 2 respectively whenreviewing the existing pract.Lce

on the mine and are considered here again .

It can be seen from Table 4.6 that the various
co:mbiniat.iansof burden and spacing give uniformit~i'
indice:s ranging from 1.13 to 1.41. However,as mentioned
ed'l:-lie:rI to optimise fragmentation and m:uckpile
displacement (t]le two basic necessities for efficient
dragline operation) t the uniformity index should not fall
below 1 and !;>ractically be restricted 'to 1.15 to 1.25.

Therefore, to balart~e the competing priorities of the
e9-pnomicsof drilli~g and blasting on one hand and good
fragmentation "affording easy bucket penetration on the
other, 'a burden and spacing of S •5 x 9 •5m giYing a
uniformity index of 1.23 is recommendable. This support~
the pattern arrived at using the empirical relation given
by equation (3) and (5) above. A critical examination of

r ,

'rable 4.6 reveals that the existing .t!attern on the mine,
viz 10.5 x 10.5m, 10.5 x 11m and 10 x 10. 2m, gi"'~';
corresponding indices of 1.13, 1.14 and 1. 14 respecti vely
all of which fall outside the practical optimum. :tlhis
x-einforces the conclusion that with this burden spacing
ratio, the problem of fragmentation can be expected and

<I in fact does exist.

Ii

The pe.rcentage oversize (>BOcm)and meansizes at various
powder factors are shownin Table 4.7. A powder factor
of O.49kg/m3 is the best front the results shown.
Nevertheless fromeconomicconsiderations a powderfactor
of O.45kg/m3which represents the average for the blasts
consider.ed under this project can give equally
sat.~.sfactory results:. Such powder factors (Table 4.4)

,

employed by the mine should not give fragmentation
problems. contrary to expectation few blasting problems
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such as the _table top .effect necessitating secondary
breakage withit.s associated unbudgeted costs as well as
low dra91ine digging effiqiencies, have qeen encountered
in certain blasts. Apparently the gains to be expected
from highar powder factors are negated by usin~ larger
drill pattern'S~ As a consequence certain J;\lastswere
monitored to assess the cause of fragmentation problems
and this is the issue in the next chapter.

The existing pra!btice (d~sign) on the mine has be~n
~.I

critically reviewed and empiri~al relations used wher~
appropriate. Fragmentation nas been assessed through a
model and sensitivity analysis has been conducted on key
variables that affect fragmentation. The following

,-, G

results are quite evident:

The burden and spacing used on the mine are
incompatible with the hole diaml~ter (a major
determinant of burden and spacing ratio) and
appears to be too much. A burden-spacing
ratio of 8.5 x 9.5m has been recommencE:!d
which, to all intents and purposes, will
minimise the damaging effects of usi.ng an
excessive pattern and yet achieve, at lowest
cost, the required breakage, displacement and
muckpile looseness for an efficient digging
operation of the dragline.

The 42ms and 67ms delay interva.l used between
rows do not practically conform to th.e
exlsting drill pattern. However with the
recommended new drill pattern (8.5 x 9.5m), an

"04ms delay is appropriate a~s.J.the status quo
must be maintained if the new drill pattern is
to be used;
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Thc uniformity inde~ or exponent or::c. the Rosin-
i-, Rammler model for all blasts investigated is

-.::5
greater than 1 and hensre falls W~Fhi1'\, tine.

normaI ran'ifj~" of 0•75 to 1.5.. Neverthp.less
qptimum fraCJlnentation and muckpile
d isp Lacemerrc i~ achievable if the index falls
within 1.15 to L 25 and this condition is'
satisfied by the drill pattern recommended
above.

With the r~commended drill patterrl a l?oWder
factor of O.45kg/m3 is appropriate and will not
jeopardi~~ fragmentation. This C!will yield
cQ,rresponding percentage oversize in excess
of 8~~ClU or, 6.52%f a sitqation wli-lch can be

r: handled by the dragline without much p~oblems.
i>

(r
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ClIAPTER5

BIJAST ~dONlTORING

'-,
'l'he cost of drill)ng amil blasting forms a significant
part of the overall mln.i:ng costs and it is therefore

r({' important that the l!10~i':, effic,1,;;:>ntuse be made of
explosives for maximisingt:':''Jfitabilit~:;~i Often whenpoor

(,-.:\

blasting results occur the tendency is'' to.. increase
drililng and explosives use becauae the real cCi~~seof the
problem is not known. This is usually done
subconsciously where high powder factors compensate tor
problems rela:tp-dto the pt~rfcrmanceof the explosives and

c \ .-

initiation system or poor~blast design. Asmentio1\edin
(,

the previous chapter i very large boulders and 'p;?"~tionsof
_ fl.. 'I,'{

completely unfragmen~ rock' (table top effect) were
encountered during the interburden blast at Syferfontein
Col1ie:cYi. This usually hinders the dragline
prod1.1ctivity, an inimical situation the mlne cannot

(I

afford to ac~ommodate. It was therefore imperative to
monitor certain blG1st~-.in order t.o address pe:cformance

ff~ "
related p:t"oblems!and as a bonusf to practically and cost
effectively optimise blast results. Velocity of
de+.onation (VOO)measurementforms a significant part of
this monitoring exercise. High speea photography
m9asurementwas also done to complementthe results of
VODmeasuxenerrc, This monitoring forms part of ~he
optimisation work (.}11 blasting launched by the mine as a
cont Inuone programme t1':" maximise profitability and
efficiency in the drill ai'ie! blast operatior .•,.

The objectives of ~:hismonitoring programmeas covered in
this ,;;hapter,are therefore:
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To assess the in-situ performance o.
explosi vas as :related to the explosi....~'f.:!
quality.
To verify the performance 'f the initiation
syst ,..~m in terms of timing accuracy and
reliability and its effect on overall blasting
performance such as fragmentation.

,)

~':';::;--:..::-~;::-- ./' _, \\To assess the Ln-hof.e as well as surface dela~...v
'\,

\erfot:mances.
To check the sequence of holes firing in a
row, i.e. effects of out-oi-sequence firing of
holes connect.ed to a sur..!'acetrunkl,.ine.~\
TC' 6.etermine the effects of decki.n~ and
decking materlal on fragment.ation.

JiTo assess the performance bf full column
charge as opposed t("ldeck ohax'ging..

In this chapter, the studies have been categorised under
three, different scenarios and are pr~sellted as
abbreviated cases. It covers such topics as deck
performance assessment~ sequential firh19 analyses
t.hrough high speed photography and impact of full column
charge on fragmenta(3on. It luust be reiterated that VOD

measurements form the central c:pre of this monitaring
exp-x'cisec Although a modelhas~beenusL:"in the previous
chapter to assess fragmentation, the real causes of
bll:)sti.ng-related probh'nls are uncovered throu9'h
physically monitoring the blast, a sUb:lect given much
attention in this chaptier ,

5 ..1 ~last :Monitoring: J>eck Pftt.'t.ormancerrials

Two separate. blasts weremonitored on 10/3/93 and 18/3/93
to assess the explosive performance and also to determine
the effects of decking and decking material on
fr~gmentation. 'lIne explosive used 'VIasDopedEmulsioni'of
relative density 1.31. Deckingwas of concern to the
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mine because of a soft shale laV'~rI (5 meters thick)
sif:l1d'\'dched between t~wo hard sandstone layers. I.e,ss

energy is ther~fore neede.d in this layer which l~as
hithert..:o accom~~ishe;d by reducing the explosive load per
hole. A decki.n/It mat~erial was placed in t.he centre of the
shale, leaving the harder sandstone' layers at the top and
the .bottom of the hole in contact with the explosiv?;;::,
ic'l ,.;it.ori.ng 'was done by measuring the vaDs of ::the

explosi ve of both t.he top anti bottom charges.

5.1.1 Instr\'!p;~entat ion

'rhe V():psof the exp LosLve in the blasts were measured 'in
si tu I using a VODR-l VOD recorder. Coaxial senso):' ;ables
were used, Loopd.nq the cable from one hole to the next
(Figure 5,,1}. FOul'teen holes were monitored (nine holes
for the blai;1t on 1{)/3/93 and five heLee for blast on
18/3/93) usLnq RG-58 coaxial cable. Different stemming
materials W~~J~'eused, consisting of crushed stone, cOCl.1
ash and air ],).l1gs. The position of the deck in these six
holes was k,eopt ....within the shale layer ZtS shown in Figure
5.2.

ll':i.qure 5.1 Sohematic Showing VOD Monitoring
Installation

ands Ca.ble
!)
if
"II
1\

66



'I I ii , 1 I c: I I r

i I I iii I i
~ -. - - ~ - - - ~ - - -~ - ., -I·- - - i..--l. - - -1- -
I i I I· f-~
~-1 r--1r1 I I i
LJ LI U

I
1

I I
... -i _ .....J

f--!
: Ir--''''
1 II ··l! I

U
~

Fig 5.2 A dia9ram showi.ng thJ;! position of de~k load in
holes moni·tored for VOD.

"'I

5.:1.2 Results

The results of the VODmeasurements are summarised in
TaLle 5.1. Also shown .in the Table is the pre(~ise fi.ring
time of both the top and bottom deck deduced f:~·omthe VOD
traces which allows the assessment of the :! ·1-h.ole delay.
For interpretntion of VODtrace, refer to fi~rure :3. L A
qud ck glance at the table r:eveals that all the holes
ex,...~~:pt hole 8 on block 320575 saw VODs below
characteristic va1,ues. Thi.s is a clear mal1if~~station of
the tlr.satisfacte,ry pet:formnace :cesult,ing from poor
judgement or failure to 'Hmsitise the pcoducz,
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Concern is warra.nted when the VODs fa:i('1,. 'below the
characteristJ.c rang], indicatinq that S01tle ~t the
ingredients are not rfreacting at all. Th~S coUld be
attributable to a' qlbst of factors including borehole

0'/
water, poor mixing or loading of

Tatiie 5.1. von Measurements: Decked"hol~s

\) nLMm1iLOCiKm~UI.5iSlwv~\::~HiOlLrr-m~jRi!!1'}"imi>tr'Vi'l:;e:-r-----'I!:'I!:m:o:"m~~~_"'"

~TE i ID<~il~i :~iE ~~5
I 1.31" 4 713 1813 4500 - 5000

1Dr.l133 320575 d1;\ 51 700'j 1518 4500 - 5000
, 1.31 5 _13'.!3I 4500-500()

, 1.31 7 1444 -4500 - 5XlO
1.31 a "_5651 74 4300 •• 5000
1.31 \) 3786 "1500 - eooo

I 1.;$1 I 1 7W <1500 - :mo
1813/93 320543 1.31j 21 4891 4500 .• !'\OOO

1.31 3 1194 "1500 - 5000I 1.31 4 1339 4500 5000
1--_+1 __ 11!.!+-,....;5=-t-.......:2.:.:708~__ #4500 : 5000

l.311 1 7 <1500··5000
32053t 1.31' 2 4!!OS 912 4500 - 5000

" 1.31 3 778 4500 - 5000
1.31" (I8Iil 4&lO -

850I 77.2,,38 0I z.a !eo, 60.4:<:
135 139 110! 117.98
1751 1'7;}.47 151')' ~5~.ea
'225 210 Q3 200 191M5
9$ 94.25 70 7l'.113
146 120.92 120 135.61
H5 178.QiS 1.:;0 1711.02
225 227..:.0fI::!f.__ ....!~:!:OO4-...!22~t5~-l!

o
25

... 351 -42

o 0.96
4a34
126.78
111.3

•

ii,

68



\

o
e:x:plosive, density I <:inadeq'ltatepriming or desensitisation
due to shock from earlie:r firing holes (.Laddset: al.,
1992). Amoreadequate eXPlanath"','ilcould probably lie in

•. Ii "the quality of the expIos Lve-, because the necessary
precautions with regard to loading and priming were
t:,tken. Nevertheless further experimentation (more
monitoring) was warranted. More blasts were therefore
m.o,?,itored, the results of which will be seen in the

<.'. '\
su,pse(;{l.:J.entsect.ions (see section 5.3 and 5.4) ~ Wij..th VODs

; () \.

':1:;),eloW'the characteristic values, the explosive reaction
proceeds abnormally, detonation b~comesunstable and the
aecoadary react jon b .nd the detonation fro:r;ttmay not
reach completion and as a consequenceenergy output drops
drastically. It is quite (I logical to eXJ;)ect tha't
fragmentation ~ould be jeopardised with sl.!ch low VODs.
contrary to expect~tion fragmentation was apparently good

c-

by the visual assessment. Many different plausible
\l

arguments could be advanced t.o explain these findi~')gs.
'l'his issue is therefore given further consideration in'
the ne.xt chapter where drag-line diggability is critically
assessed and related to fragmentation as a surface view
of the lI.1uckpilecan be mis.leading. Also sean from the
table arr initiaf:.ion related problems. This is well

if i,

illustrated in riigure 5.3.. For instance sympathetic
detonation of the top deck with the bottom deck occurred
in hole 1 as can be seen from the VODtrace in Figllre

/1
5.4a. 1n holes 7 and 9 interference oC0urred with the
cable with the rEl!sult that no VODswere recorded.

For the blast monitored on 18/3/93 (Block 320543), the
top charge fj,red :beforl9the bottom for all of the five
holes monitored. Furthermore only hole 2 fired at
characteristic VOD. Figure 5.5 is a graphical
presentation of 'the results. Figure 5.4a and b are the
VODtraces, illus1~:tating the top firing before the bottom

I,'

although timed to initiate the reverse. The most
plausible explanation for such an occurrence might l:{e
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either frequent failure of the bottom units or timing
problems where the t.op 525 IDS units are firi.ng befqre the

hottom 500 ms units. The bould~rsand difficult

VOD (1000) mJs

I

l

31-
I
I

Hole-Number

Figure 5.3 Bar Chart showing VOl)measurements and
Initiation r~lated problems.
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9.84 15.78 ;~2.52 29.LS 36.00

Figure 5.4 VOD trace illustrating instantaneous
sympathetic detonation of, top charge with
bottom Chal.-g,e.i!

UODItDAT!'!: C:\blllpr~\!a183c1.lJOn

Figure 5.4 (a) von trace illustrating bottom firing a.nd
top charg~ falilure.
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digging observed in this area were net unexpected. This
prompted an investigation into th~ initiation system
performance in terms of timing accuracy, This is dealt
with in secti.on 5.4. Nomea~in9'fUlconclusions could be
drawn regarding the performance of the various decking
materia:~5 as virtually all the charges fired at VODs
considel:'ably lower than the characteristic range. This
situatic)n could drastically affect fragmentation results.
TOp charge firing before bottom charge for the blast
mOl'litor.~don la/3/93 exacerbates the problem a:ld would
make an~rconclusions suspect.

5.2 Bla.t Honitorin~ = Kol•• Firing sequence

Ablast was monitored at 'Syferfontein on 26 March1993 to
c:

determine the sequence of holes firing in a row. The aim
was to test, through' high' speed photog.taphYr the
reliability of the "42 ms delay between rows and the
effects of outrof-sequence firing of holes connected to
a sarface trun:kjline. Someareas whichwere not monitored

"by the 'Von rec'.)rder were also assessed t1sing the high
(,/

speed film. The use of high-speed photography in blast
evaluation, blast design and field control has been well
established; Blair (1960)f Potel (1961)1 Chunk et ale

(1975) and Chiap~tta at; al. (1983). As a diagnostic
field tool, the data obtained from high speed photography
f'Or use in blast evaluation, blast design, and improving
producti vi ty are useful for· determining (Chiapetta at al ..
1983):

cause of misfires
poor loading practices and poor firing
practices
effects of redrills, water, gas 'venting and
buffers

- proper delay interval between holes and rows
of holes to obtain adequate forward burden
relief
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opti~um initiation sys~e,~
maas ive ground movement
source of oversize and explc'sive efficiency
optimum gast of fra~nented material and
muckpil:;'''~rOfile'1

optimum explosive - rock burdeh combination.

For the monitoring exercise in question,::sE-cord flares
were used on each hole to visually~/Jhow when the
explosives in the top of the hole detonated. These

(jflares were approximately one meter into the explosive
charge in the top deck of every blast hole and were
standing 1.5 meters high abov~ surface. VOD was also
monitored fer 4 boles to assess the perfonp.ance of the
explosive. The bia~t was charged with ungassed E-6000 in
two dacks in eaclt~borehole. Decking of 4 meters was done
using gas bags approximately 10 meters from the bottom of
the hole. A typical cross-section throu.gh such ,:t
blasthole is as shown in figure 4.3.

/!

Inatrwaentation

The blast was filmed using a LOCAM II high speed camera
se·tat 500 frames per second I giving a time resoluti~n of
2ms and thus i~i:'ovidinga detail~d record of the
-.;>erformanceof the surface initiation s.ystem. The camerwrc

was located 300m from the blast. The VODs were measured
\\

usin~ a VODR-l VOD recorder with FSJI-5CA coaxial cable
looped between the holes. The tie-up of the blast is
shown in Figure 5.6. Unfortunately, the camera was not
running at full framE::!speed when the blast was j_ni~lated,
but reached full speed afte~ the initiation of row 12 on
the blast. Delay times of the first 12 rows could
therefore not be determined accurately.

Discussion of Results
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The delay times ma~sured for rows 13 to 32 are given in
Table 5 .",2~.The spread of delay times of the 4:l!:ls relays
Ls shown in Fiqure ,S.7. Such a wi.de variation (scatter
range of 10 msj places a question mark of the accuracy of
the the 42 ms surface deli3,y. Flashes of the flares could
only ,be seen in eight of the rows in tne southern portion
of the bl,;ist. The sequence in which the flares ignited
is shown in Table 5. :3 • The t'esul t:s of the von
measurements are also presented in Table 5.1.
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Figure 5.6 A Blast Tie-up in which VOD and High
Photography were monitored.

75

N

t



T~bl~ 5.2 Firing 'l'i:-~es of 42 ms NTD ;SF ..ays
(' ,
~'"

r-ROW T--OELA Y 1=-- ,,;HOw·-"7=--.i"lJ-L~tAY-jl
H I (' \ 'I : (rns) IIa ! ms) il ' \",s !I
:~- 13 : 34 ;t--~--;23 ~~~,~c;c-~7_:~~~-'--=--=-_~1
! I, \ I

H 14 34 II c: 24 40 J
)1 15 38 il 25 36!1
1\ 16 38 lj Q,'"'o 4') h.1 . I ~ c.."
ij 1,7 44 :,! 40" ii; . 1,' . n
II 18 40'; 28 42 II
11 21,09 430~ Ij 23,90 36 j',111

II 2~1 ~66 111 31 :6 II
1I.G V !l 32 40 jt!.

il _ _jL _j

lIRANGE' - - == 10 --jl
l!MEAN DELAY = 38.9 jl
II STD, r,2.9 _;j

'.I< Row 23 wa.sskipped and the firing time
between Rows 22 and 24 was 40 ms.

llnl8(ms)

Fig 5.7 Delay range of 42ms NTD
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Figure 5.8 illustrates gFaphically the VOO:m,~asured in
~bcth t.op and bottom charges and the performance related
\::_,.:---

pzob Lems , (I

The delay times det~rmined with the bigh speed camerau

showed n~>trunklines detonating out of se~~nce. The
only pn.>blem experienced vas, the failure of the tnmkline

.J/ _~._J\ "

in rO~1 23. Tn~"" jlay' tim'i! .betVleen -cows 22 and 24 WaS

mel!tsur~d at 40';~1l\S!,indica.ting·· thE'" possl.:bilflty that .t.he
o

trunkll:',~le in row:l,'~3was not tiEd in at all.
(j

The sequence in which the flarfl;S detonated is given in
Table 5.3. Un~ortunately, the: flashes of the f].ares of
cr~,ly eJ_ght of the rows could rr~seen clearly, .due" to the
amount; of dust caused by t~l.e igni ted trunklines and
stemming ej\!::ction on the bla~:t. r~e flare~~~n this
portion of the blast wer~ tied 1~5 m hight making themJ
vi~ible above the'>du~~t. :-;

>rable 5..:3 !5eq\,tE:l'!aeof Holes Firing in a Row
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VOO (1000) rnts
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o
of-I.

Hole Number

Fig s a A sohemat.Lc diagram showing VClDmeaemrements in
deoked holes and performance relab~d problems.
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In three out of the eight rows (38%) the flares did not
ignite in sequence. The time" difference betvreen the
flares igni ting was 10 ms in the worst case. Such a'
scenario (out-of-sf.lquence firing) can easillr result in

)1

poor blast performance. The differenr.:e in timing aLao
indicates a questionable. performance in terms of the
accuracy of the EBSAloIS-delay ~mits down the hole.

Anoth.er interesting feature of the blast W!l'.-;' that no
flashes of flares nor stemming ejection could be seen in
the area of row 23 and in the back portion of the bench
adja( '?nt to t;his row. It was in this area that (1 table
top· effeet was seen aft,,,~r the blast. In five (:Jf the
holes in this i;irea, the un-.ignited E-cord flares were
seen after the blast, Lndi. ating that the top of the
explosive coLumnwas not in contact with the E-cord.
Thi$ could hav~~ been caused by no detonation of the
explosives or no explosives in the deck or slu1l'ping of
the' explosives. The lat.ter could have been caused by
slipping of the gas bags used for decking and is
considered to be the most likely explanation.

Of concern also was the Lns't.antcaneous detonation f::lf the
explosi ves in hole 2 in row 9 when the trunkline was
initiated. This could have been caused by the. detonator
failing (>r by the trunkline initiating the E-cord flare
which de'tonated the explosives. The latter is the more
likely s;cenario. In this section of the blast the E-cord
flares \l1ere initially atrcached to the booster in the top
deck of the hole. IJ.'his was changed and the po~;;sibility
exists that this one was overlooked, since E-6000 is not
known to be cord sensitive.

The d,at.enation of ro"l>!' 5 hole 5 in the back of the bench
on the northern side of the blast had most of its energy
lost in the air because of a blowout.. 'rhis was caused
by th.e ovex'burdening of this hole bec;:iuse of cracks in
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that northern side of the bench. Noother. blowout holes
were Observed in this portion of the blast. The effect
of effective stemmingwas observed in this section of tha
blast, where no steming ejection but good swelling wets
observed..

Because of the overburd.ening of h.oles frem row 24

onwards, oeuaed by the failurt'! in :t:ow 23, this portion of
the blast was choked and produced a n.umberof blowout
holes. ste:n:!ll\ing:ej ection on two holes of the bl.ast
occurred 1620 ms after the stemmingejection of the last,
hole on the blast. The late firing of the last two holes
could be attributed t,o the late firing of the de.tonato!'.
These holes were both in the back row of the bench. The
specific location of these holes could not; be
established, nor could this cccuzzence be adequately
explained although excessiV<2confinement at the back row
is thought of as being a possible cause.

In reference to Figure 5.8, it can be seen that the VODs
are Vel"y low (less than :.1.000 m/s) 'whereas the
charactet;",(~sticVODis within the range of 4500 to 5000

'\,' ..
m/s. Such lowVODsencountered during the third instance'
of blast Inonitoring justified critical investigation into
the quality of the explosive (Emulsion E-6000, RDof
1.31) being used. The other key Pt:J.l.l1'tis that no veDs
were recorded for the top charges of holes 1, 3 and 4
owini;Jto cable severance and/or misfires in the hole.
Figure 5.9 is a VODtrace of hole 1.

o

What is of i,nterest is the event in hole 2 in which the
bottom primer initiated the explosives, but low order.
detonation occurred until the top primer fired after
which proper detonation followed. This is evident: from
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Figure 5.9: Signal Trace from vODR-l;showing bottom
(.

Def'lagration and Top failure: due to cable severance',
No VODswere recorded for the top charges of holes 11

3 and 4 ow.ing to cable severance and/or misfires.

the VODtrace .in Fignre 5.10. Twopossible reasons for
this are given (Ladds at al., 1991); the first is that
the explosives in the primer region may have been above
or close to critical density resulting in 1:e.duced
explosive sensitivity. Alt~rnatively, ~catter in timing
of the in-hole dela.ys mai have resul t~d in ho les on
either side of the hole in question firing slightly
earlier and disrupting part of the explosive column thus
inhibiting proper detonation. This is thought to be a
likely scenario as the low order von appeared to remain
constant for a long distance without ngtable increase as
would be expected if densities were decreasing up the
hole. 'rhe fact that 21 out: of 24 explosive charges
{8'1.5%}fired below the charac:teristic VODand also that
erra'tic detonation results wet'e observed gave a good base
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from which to analyze the results. Furthermore, as no
meaningful conclusions could be drawn from the decking

\0

pe't'formance analysis and for the fact that other
performance related problems had been encountered for the L-~'

3 blasts separately monitoreQ, it was decided to monitor
full column blasts (without decking) with the explosive
gassed to a density of 1 * 15 or less. The next section
discusses this monitoring programme~

.,--_ .._-,
• f
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Blast Monit9~ing: :Pull Coll~ Charge
(/ ii
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I

The previous sections (5.1 ap.d~••2) detail the repox't; of
I'the von tr.easurements of the syf~rfontein Mine in decking

trials. Table 5.1 on VODscertj:tinly dramatise the fact
that the explosive (Emulsion s-sboo I density of 1.31.) was

i'
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de't;.onating below the characteristic VOO, a situation
which in most instances gives rise to fragmentation
pr·oblems. It was therefore decided to (a) gas the
e~plosive to a density of 1.15 or less and (b) conduct a
full columncharge (without decking) a-.ndto monitor the
performa~ce of such a blast. These tests were done to
characterise the products in the Syferfontein environment
and to f ina tune the blasting operation on the mine.
Three blasts were monitored with full column E-6000
product. This se.ction details the von results measured
on these blasts.

Instrumenta.tion

The VOOs were measured using the VODR1von recorder with
FSJI-50A coaxial cable looped between the holes for the
first blast monitored on 8/6/93 (Block 320678). The
product that was used was in two different formulatiotis i

,'"

Emulsion E-6000 of density 1.31 in 6 holes and gassed
emull~ionE-6000 of density of 1. 05 O<-..l.~Ssin 4 holes.
Figure 5.11 shows the blast tie-in for ,;th~ othe.r two
blasts monitored on 18/6/93 and 8/7/93 in wh!;,'c)",tcase the
densities of the explosives were 1.12 arid 1.15

(.

respectively.

Discussion of Results

Table 5.4 shoVls the results of the VODmeasurements in
question.. As is to be expected low VOOs (below
characteristic values) were recorded in all the hole.s
charged with E-6000density 1.31 for the blast monitored
on 8/6/93 (Figure 5.12).. On the contrary VODsof all
holes charged with E-6000 (density LOS) were fired
within the characteristi c range. Figures 5.13a and b
give the ..raw data trace for two of these holesi one
charged with E-6000 of density 1.31 and the other two
with E-6000of density 1.05 or less. This reinforces the
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;' "!fIr-I' BLAST=O"18LOCK' IExPLos,lvE-l
1
,HOtE IMEA§UREDTCHARU'V ·D

I I DATE 1NUMBER ! DENSITY NUMBER LVOD (mlS)! (mls)
II (1) _ ___J_fL _ L__1~' ~L__,. is) . (6)rl[~--I I~.;il-·~i· ~;~ i :~~:~~il

>~." i ! 1.3~ I 4 I 488 14500-5000R

II I ,,' 1.31 ! 6 r 923 I 4500,- 5000 ¥! 8/6/93 320678 -:.31 8 'I 54.0 I 4500 - 50GO 11

~ f f 1.31 9. 560 I 450G'~5000 I~ I I 1.05 2" 5351 I 4700 - 6.000~ I ! 1.03 5 G116 1 4700 - 6000',
» ,1.04 7. 5359 ! 4700 - 6000 i

I r:---III-- ::~:I :0-+ ::'- ~:::::::~I~J
1816/93 I 320665 1.12 2! 5304 11 4700 - 6000

I 1).12 1 3 ! 5737 47.00- 5000I ..W1y:- 5 ~ 704 I 4709..:.!5000'1

I I, 1-~5 I' 1! I 4700-6000
1,(31 . 2 I ,.4825 I 4700·6100 I

! 115 3' 5212 4700 - 6000
320621 I 1.15 4 4851 () II 4700 - ,6(;00I 1.11 5 5642 4700 • 6000 i

, 1.1 I 6 5550 4700·6000

. .1._ ~.~.~ J~ .;.~z~=__.l :_;~t]";~J
1816/93

Table 5.4 von Measurement: }'ull Column Chal~ge

,

I
!
I
[

I

II
-1-F H J

Hole Number
.. UNGASSED (RD=1.3'l) ~ GASSED{RD=1.~5)

Figure 5.12 Bar Cbart Showing VODsof Emuls~,on E-6000

- Unga~(;sed(RD=l. 31) & Gassed (RD=1.15) _.
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conclusion that the use of E-6000 explosive of density
1.:n is inappropriate and should be discon'tinued.
Emulsion E-6000 of densities 1.12 to 1.15 were aIso
experimented in two separate blasts (Block 320665 and
320621) and in all except two caaee, detonated at
characteristic VOD(see Figure 13). At churacteristic
VOD,detonation is at its most stable. Thus the density
dependency factor of eIllulsion E~6000 is evident. As
mentioned earlier E-6000 is a wa'ter resistant product
consisting of 60%Matrix or Emulsion and 40%ANFO~
Earlier, investigation by Brinkman(1990) reveals that t;he
large particle sizes of the constituents in ANFOlea.d tv
a majqrity of the. energy being released in t.he secondary
reaction zone which takas place behind the primary
detonation front. Onthe other hand, emulsions contain
mainly finely divided constituents. The greater surface
area of the reactants leads to rapid combustionwith most
of the energy being released as the detonation front
movesthr,pugh the explosive charge and less energy being
released in. the secondary reaction zone behind the
detonation front. This accounns for the high von of
Emulsion. The combination of Emulsion and ~lFO {heavy
ANFO((such as E-6000 giving some degree of heave and
shock energy has been found to perform well in the
Syferfontein environment as opposed to bulk Emulsion
(100%Emulsion). Delay performance is evaluated in the
next section.

5.4 DelayAssessment

The performance of the initiation system in terms of
timing accuracy and reliability ,q~naffect overall blast
results. Tables 5.5a and 5~5bare extracts from~able 5.1
and 5.4 respectively whichgive the VODmeasurementsand
firing times discussed earlier. In particular the firing
times are deduced from the von traces (see Figures 5.4,
5.9 and 5.10). Shownin Table 5.5a. is an assessment of
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the in.Lhole delay interval between top (500 ms) and
bottom (525 ros) charges. The expected delay interval is
25 ms with an allowable scatter of 4 ms according to,~he
manufacturers uspecification. Discounting the effect of

~'

this alfowance the last colump gives the deviation f:t'om
the expected value of 25 ms. A close look at the table
reveals that 7 out of 9 holes (77.78%) :rf;}.cordeda
distinct deviation f:romthe eipected valu'3~

Statistically the probability density function derived
from the normal distribution curve can be used to
determine the probability of a charge firing outside
allowable scatter time. The P:r.obability Density /;;
function, Z, is such that

z = (xb, - M) IS (~2)

where
XA ~ Allowable deviation
M - Mean deviation
S = Standard deviation

From Table 5.5a, XA = 4, M == 9.36, S = 9.'71 giving

Z = (4 - 9.36}/9.71 = 0.6153

From the Normal distribution table, the area under the
curve (Figure 5.14) between Z = 0 and Z = 0.6153 is given
as 0.2324.

)/
Therefore the probability of the allowable devidt'\On (Xl1)

exceeding 4 is represented by the area to the right t)f Z
~ 0.6153, 1.e.

P(x) > 4 = 0.2324 + 0.5 = 0.7324 or 73.24%.
This indicates that the 25ms delay interval stands a
significant risk of deviation, a situation which usually
cUlminates in desensitisation of the top charge by the
bottoIl'lcharge, or desensitisation of the explosives
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Table 5.Sa !nrnQle delay assessment
\ / .

Blast Oat';, 1Of03;973
Stock Number: 320575

ExproSi'''~ density
OeO'l Time

1.31
seems lOP 8. 525ms 2::tlo:n

;- ~\"=rtE" :' FTRtN~'nr.AE'(ms; i DE'.AY lNTERVAL -"'---. DI&XUr\iTEDl
: NUMBERrsorTOMT-roPT~ ~-l ------jDEVl,:..i:ON DEVIAI)mJ I

( ) \ .:_CHAnGE LCHA~gg. 1 ACTUAL E:1PECTEDi J
I

1 2.3 0 25 25 21
i c 2 EG.42 16.76 25 82J 4 ,.,'/

,k'".., 117.98 21.02 'l" 3.98" ..."
4 151.68 21.79 25 ::;,,21 I
5 198.45 12,48 25 12.52. 852 ! \:)

6 77,93 94.25 16.32 "I; 8,68 4.68"'~ :17 135.6 120,92 25 ..
'.1

8 176.02 176.06 0.02 25 24,98 "'008 'IL ,*" . !L_ 9__ .. 22't.5 227.0E?_ 5.56 L___l!5 19.44
,:

15.44~
~;.-

\\
~ Top charge, contrary to expectation, fired earlier than bottom charge

fl'able5.Sb: Surface Delay Assessment

:- SLOCK 1" DELAY, Dt:lAY (ms.L __ 'pEV!AT!O~ALLOVVA8LEl I)ISCOUNTE01
: t<UM86B_:P9SlTI~~: ACIUA~: ,EXPECTED! (msl : ~ArrE=R",=,=!,,=,=D;,;;§;,,;V:·VION Ji

i iRow 1&;! 62.05 1 67 I 4.95 i 5 ( :..,1
iRow2&3i 4142 : 67 25.53 5 20.58'• I·,
iRow 3 & 4: 136.4 i.· 67 ,69.4 5 65.4 ,I

32CS78 \Row 4.& 5 i 11.'14 67 (~i 55.86 5 50.86 I
iRcw 5f, ..6i 87.49 67! 20.49 :5 15.49 I
'Holes 2 .&6: 12.21 0 1 12.21 0 5 i
Hcles3&7.3,12 0 3.12 0
'HcfeS4&Si 67.73_ '167 0.73 5 .:

'HOles1 & 21
1
i 6Q.6~ 67 6.39 .;---. --·-~.39 ---I

320665 iHo!eS:2 &, 31 67.09 67 0.09 5 f
1...__ .•_.IHoleS..1~5~ 12~;.68_-'-_ 120_ :3.63 1,J I

f i I
IRow 2 & 3 ' 9.52 8 1.52!
: Row 3 eo 4 • 8.44 a 0.44 I

32(621 I Row.d eo 5 1 35.34 6 27.34 'I'

!ROW5&6: 0.12 4
tHoles 5 & 71 3.12 0 r I
(Hcles6&J3i 39B 0 !

93.52 84
92.44 I 84
119.34, t, 84I

42,12 I 42., .') 0~.l'"
3.98 Q
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column in the adjacent hoH~,Sl. The top charge firin9
before the bottom charge for all .the 5 holes monitored
for von on 18/3/93 (Table 5.la) could be attributabl.e to Ii

either timing problems where the top 525inS units were
firing befors the b9ttom 500ms units or frequent failure
of thf,:~bottom units *

Surface delays between rows and holes are assess,ed in
Table 5 - s::;t,,; Delay intervals of 42msI 67ms and 84ms have
been us~{~ in different cases with 67ms being the most
freque':1t. For the 67ms delay, 4 out of 8 cases (50%)

showed a distinct deviation from the expected value
whe:!:"eas ;2 01J:t. of 3 cases indicated succassful

performance for the 84:msdelay. Chiapetta (1983), through
a series of high speed photographic studies, has shown

tha't the criterion of allowing 1 tr: 2:ms per foot of
burden in most multiple :b~~sting operations is
insufficient and usually results in a ti9'ht muckpile., He
rather recommends 3ms per foot (9. sms per meter) ,.of

burden. Hence "\ot~iththe burden of lO.5m used on the mine,
a more appropriate. surface delay would be lOOms. However
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wi th the suggested new dr i l' pCitte.-rn (8.5 x 9. 5m) 1 a
'''''<'-''_..,

del~y of 8.5 x 9.84 or 84mswould be appropriate. This
new criteri.on \/ill r,ediJca the tight0 muckpile
characteristic of causing hard diggirlg, low produeti,vity
of the dragline, increiised wear and tear of dragline
teeth and backbreak.

5~5 Sumaary of results

The use 0:1:' velocity of detc::~ation monitoring and nigh
speed photography in (JXCtpi\";'~":1and .cost effectjve~.y
identify ing blast performance related preble!lls are thus

illustrated. The advarrcaqea of backing up 'lOD
measurements with high speed photogra~,i1Y are also
explained. Three blasts on decked holes and three othefs
on full column char~;e have been monitored and the results
i ""\~at~d the following:
, I 1

(i) Unsatisfactory performanc~ 'J! explosive
(E-6000) of relative density l.31 as in
39 out clf 42 cases it detonated b~low the
characteri.stic VOD. This situation
unequivocally led to fragmentation
prohl'lms in certain blasts. Explosive
was gaGsed to density of 1.15 or less and
thl'ee blasts (16 holes) were monitored.~
All the holes except two fi.red within the
characteristic range.

II
:~

(1.1) voo measur-emerrcs uncovered
performance" related problems such as
variable. detonation results, top priruer
firing before bottom primer although
t.imed to initiate the reverse, misfires
etc. These scenarios have been
sumlllaric':d in Table 5.6. The low vons
and apparent bottom() cha:t'ge failure
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accounted for t.he boulders and difficult
digging observed in certain areas of t.he
blast.

(iii) Nomeaningful conclusions could be drawn
regarding the performance of the various
decking materials as virtually all the
charges fired at vaDs considerably lower
than the characteristic values.

(iv) The results from high speed ph.otography
also indicated that
ollt-of-sequence fi.ring occurred in three
rows out of eight. Also Row23 did not
fire. The -effect was overburdening of
Row24 onwards, the blast was choked and
more blowouts observed. This accounted
for a conlpletely unbroken section or the
..'rable top effect' on that blast.

The performance of the 42 ms Nonel type
detonators (NTDs)snluld be investigated
further as a delay range of 10 ms places

(.'I
a question mark en .its accuracy.

The best way of utilising the air bags
for decking should be investigated
further, since indications are that
slipping ()f the bags does occur ,

(v) Assessmel'ltof in-hol'3 dt~lay has revealed
unsatisfa.ctory performance of the 2Sms
delay inb~rval L,e 525msand 500msdelays
for top and bottom char4;Jesrespectively
as 7 out of 9 holes (77.78%) recorded
distinct: deviation from t.he allowable or
expect.ect value. This assures 73.24%
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conf Idencs of the deviation exceeding the
allowable scatter. Excessive sJ;::atte;-
l~sually culminates in desensitisation of
the top charge by the bottom charge or
de!,etlsitya.sation of exp.IosIve column in

,/ n

the adjacent hl]les and is bound to have
neqativ~ impact on blasting performance.

(i
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Tab!a 5.6 Summary of Results of Blasts Monitole~ for vaos

~DATE=r~ST_l~~~~~~E~~~~~~~M~~~~~~?m~s)I.~i.~~u~~~1~:&~I~_~--_'.__~~~~~~~~~~~-~,_==~_~..~=~.~~--=-~l~ I ---r - . '''- I !(a: Objective: Deck p9iformanc!i VStitlc3tion --',I 10/3/93, 320575 I 9 I 1.31 ~IT" 619 - 4565 1480 .,4,500 - 5000, (b} Low and en,anc VODS, ree,ordf:d,', ,I
. I I B = 850 - 3783 1429 I (c) No VODs reCorded fOf soma holes

I ,___ I . ..~dLQn'Y or's Ch_~!~_deton"at~S!.at.E!!_~£L,aIlslicVOI1___, ~. " I r (a} Low V(}Ds but gooo dragHno performance
I I {b) No V(JOS recorded f~ some notes _ i!
I 1753 I 4500 - 5000 I(c) Performance relateu prontarn inoludt:t;;
l I l' - Sympathetic detonation of top charge with bottom charge

I I - 0~le severance prior to detonation-t---'t----t --.-r--- -,------.(a)15~i~tT~i~~~~!ta}1i:~E~~~~~~--------~----·1I
e t and low VOOs at tno bottom

B :; 689 - 912 ' fi9*- -Intetarance with cableI - Fr8qlJ9nt top charge failura

I'·8/6j93 "II ~20678 !__"-:--I!-'--~-:~-!--i-I,-5-~-:-~-=-;-~-:-1-'r'~\ I :£=:~~j1~lEf~5t~-gg:},~I~:~~~-7-~:p~O-S-ill-a~
I !' I !(d) Poor blast results (P'JOf fr:agmentalion) partly

t---------+- . 'I i, I, --~-:-=+a}~l{~6!~:~::~e~:~n~%;:9f~tS¥a-4)-deionate(r--------lll
II , 18/6j93 '3~6651 4 I ,.,2, 5404 - 5787 15404

- 51; i4100 - 5500 I!~/l,,~~:l~~~;:;E~~:,ntstion ",. I=: . --I ---To-' _. I -,---'--- Ifa} Full column bla~gfOr'teSibiaSthOies I
8/7/93 320621 I 8 1.i5 4851 - 5575 , 5308., I 4Z,{JO - 5500 t (b) All test holes fired within cnaracteustlc VOO l

L_ I I I(c) The neod to nwiew density of explosive waE' justifiad, Ii
6=~ - _j___ _j_ ~ _.-<-- - ..L_ __ '_, ~=-=--""'-~'=_" - __".. _, _- '_, .. - , ' __..1,

320543 518/3/93

\C

"'"
26/3;93



CIIAPTER6

DRAGLINE PRODUCTIVITY

Ii
The productivity of a drag-line can be assessed thttough
several indices. For the purpose of this study I till
factor (bucket factor), fill time or digging time and
bank cubic meter per prcducnLon. hour (BCM/Pr.,Hr)are the
main diag11,ostictools used in this chapter for evaluating
draqline performance. This is because these are the real

(" indices that reflect blastihg performance which to all
intents and purposes form thE~cor'e or basis of this
project.. Crosby (1981) has produced much evidence to
suppoz-e this view. This chapter therefore evaluates
dI'agl ine performance on the basis of thE~seindices and
relates dragline productivity to blasting performance.
The irif~uence of certain key blast design parameters such
as drill pattern., operators performance etc on dragline
J2roductivity is a,).so assess~d. Dragline scheduling is
briefly discussed. Table 6.1 lists the values of these
indices for the various blasts under study. The blast
giving the best results in'i:eIlms of dragline performance

\\ \"

:fromt~'r combLnedeffects of a~,l the various indices will
1')eill~~trat;ed later in this Election.

6.:t statiat.:t,cal Analysis of "n1,:agline Productivity

In the subsequent seotions dragline performance
(measured through the various il'\dices) is assessed based
on the results of 12 blasts. Fbr samples of size If>30
called large s:a.mples"'b.E'! sampling distribution is

( \
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Table 6.1 DRAGUNE OPERATIONAL DATA

\0
01

11--~~;;-1N~~~:R'~IDlGG'NG-PER,oJ:~~~~~Io)l"- % UT~:'--l'-,;'~:;rI :~SlBc;;'~J~~~~Jf[f=f,~~,!f;~~~~-r~~~~~)Milll
II I 1 I (BCM)! i TiME (5) I TIME {s}, (%) J J!i---J~ -=-.j~t__~L=-=::c.~j~=-~~~.=-.~i!-----L._ J;;L,,=L_{§L=_J _(tl LJ§}lrO~8L__l~t~.-:+=J~~L.=..L._i1J L"---r-=JJ.2.t-~-ll
iii 23/3/93 i 3205109 T123/3f93_1313/9311 82 - ~~ 78 G96130 1270.76'11463.03 I65 ~ 20.11 174.05 0.826 I
1 26/2/93 I 3.20587 13/3193 - 23/3/93 86 I 85 406620 188.06 2162.18 I 606 17 I 7405 0.59 I
I 0313/93 'I' 32U576 '23/3193 - 30r3/93 , 59 I 84 II 257580 140.82 1829.14, 62.5 18.2 I 74.05 0.661 It
i 10/3/93 320575 30/3/93 ~08/4/93 80 I 82 308226 154.46! 1995.51 60.8 17.6 I 72.19 0.6.06
I 18/3/93 320543 08/4/93 - 15/4193 80 I 821 241205 122.39 I 1910.79 58 17 II 75.3 -I 0.613I 25/3/93 320531 1514/93 - 03/5/93 86 I 83 . 508764 3J4.37 I 1518.32 62.6 I 18.93 -66.41 I 0.747 l'
I 30/3193 320501 03/5;93-08/5/93 89 I 76 1185002 69.67 2655.4 65.4, 19.74 . 72.11 1 0.444

I
01/6/93 I 3206108 04/6/93 - 22/6/93 86 ! 80 I' 5427QO 301.29 1801.25 I 68 II 20 I 7'1.23 I 0.671 I

. 08/6/93 320678 22/6/93 - 2916/93 87 72 194400 110.77· 1754.98 64.6 18.71 63.76 0.688 I

1111/6/93 I 320676 29/6/93 - 08n193 87 I 76, '364230 152.88 I 2382.46 1 63.4 Ii 19.46 I 65.72 I 0.507 1
I 18/6/93 . 320665 0817193 - 1917193 90 75 276750 175.61 1575.94 61 17.86! 63.94 I 0.767 '
11~9/6/l~3~0643 __ 19m93~ ~/8/~3 L ~7J 83 ~53486 1237.42_,1 ml~05 J_60 8_" LC1_~,_ L_s2 56_1 0.633 11

AVG ~'------~185.75 I 79.67 f344S90.25 I 186.54-]W26.59 [' 62.73---118.55 -1-69.61-'-! 0.65ll
L~--;==-_~TP_ _ _._L~.;t~t==J ~~~_ .J1144~8.7.5 14·77 " ..327:(4. _""£'~Q=~L._J,03=.=2=~_4,~§~=I=,".-O.!Jg---,,
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• . I • "~l •apprl)lxl.mately normal, the approx)'1natl.on becomLnq better
with. increasing N (Fisher, 1938). For samples of size
N<30, called small samples, such as 12 blasts in
question, 'this approximation is poor and becomes worse

with gecreasing N. As a result the 'small sampling
theory' is used in the analysis that folloW's.

Using the student's t distrib~tion (Figure 6.1). if
-1::1),975 and +to.975 are the values of t for which 2.5% of the
area lies in each tail of the t-distribution the 95%
confidence interval for t is

to,rl7s -c ex - u) /s N - 1 < to.975 (13)

where
X = sample mean
jJ, == population mean
S = sample standard deviati.on
N = number of samples .,
Vf = N-1 (vr= dei;rreesof freedom)

Fig 6.1 Stud.~nts t-distribution for various va Lues of v
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From the above equation, the popul~tion mean (u) can be
estimated to lie in the interval,

- u

x .• to•97SS(N-1) -c u <: X + (to•97SS{N-1) (14)

With reference to Table 6.2 the following information can
be deduced for the fill factor:

Mean (X) :::. 69.25%
4.55%standard deviation =

Number of samplesOOO (N) ==
Number of degrees of freedom

0

12

v - N
12-1. = 11

to•97S = 2.2 (from tables)

Table 6.2: Mean estimates for the various performance
in.dices

"
r,-:". -

Parameter . Mean Stanciard Interval (/-l)

Deviation-
Fill Fact.or (%) 69.62 4.55 68.34 <: fl <: 70.16 '-'

Fill time (8) 18.73 1.14 18.50 < f.! < 18.96

BCM!pr.Hr. 1926.24 37~'848 ••0 < P < 1.12-
uniformity ind~x 1.1/) 0.1 i 1.08 < f.! <: 1.12

" ==
Applying equation (14), t;he population mean (f.!) lies in the interval

69. 2~ - 2. ~,~.4.55 < r~ < 69.25 + 2.2 X 4.55
I 12-1 ' 12-1

68.34 < p ~ 7Q.1(;

Although 12 samples ar~t used, the above calculation a~ssures 95%
confidence that the population mean (fill fiu~tor values for l!trger
sampl,es, N>30) wil.1 lie l:~etweellthe intervals 68.34% and 70.16%_ :By
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sitr.ilaranalysis, the tabulation belon indicates the pos6ible mean
interval for the other productivity indices based on 95% confidence
limits (i.c. probability of 0.95).

6.2 Drag-lilt. Productivity EV.lluation

This section evaluates the dragline performance on the
basis of the productivity indice~; mentioned above, viz f

fill factor, fill time and bank cubic meters per
production hour (BCM/Pr.Hr.).

Fill factor

Pill factor is the ratio of lod ,e cubic meters versus
J:;Iucketrating in cubic meters. This parameter is
dependent on the material heaping q11alities, the angle of
repose and the consistency with whif..-:hthe operator fills
the bucket. Operators' performance is evaluated in
section 6.6. Generally speaking the fill factor value
usually varies from 0.4 to 1.1 and depends on the ease
with which materials flow into the pticket. It is the
most important productivity index that reflects blasting
performance and as a consequence much emphasis has been
placed on it not only in comparing the various blasts
(Table 6.3) but also as a key targtat of improving
dragline productivity. The fill factor, as can be
deduced from Table 6.3, varies from 74.05% to a minimum
of 62.56% with Pi) average of 69~:25%. Chiapetta (1993)
points out that fill factor should practically be between
85% to 95% for efficient dragline operation. Bucyrus-
Erie, 1976 throws more light on this argument by stating
that although it is theoretically possible 'Co have a
bucket fill factor greater than 10Q% the usual values are
in the 80% to 95% range. In t}:l,elight of the above, the
average va,tue of 69.25% as deduced from Table 6.3 is
apparently. low and implies either difficulty .indigg-ing
or excess ive fines production.
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Table 6.1 Summar\: of Results: OragU.ne Productivity·
and Fragmentation Assessment

Fig~re 6.2 Is a diagrammatic illustration of the
chronological pattern of the fill factor for the study
period {23/3/93 - 29/6/93)0 A decreasing trend of fill

Figure 6.2 Diagrammatic Illustration of a Declining
Trend of Fill Factor (23/2/93 - 2iB/93)
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factor with time is again visible. Given the high
production cost of tJ:te dragline operation! the mine

C:

sim~ly can not afford to tolerate such an inimical
situation, I.e. low prOducltivity of trle dragline. The
"need to immediately rev'iew the blas,ting operation t.o

assist tt~e dragline diggability can therefore not be
overemphasised.

F:Ul time

Th.a drag-line cycle time refers to the length ('if time
tat-en between commencing to dump one bllcket load t.o
comnu,~IRci.ngto dump subsequent.. load. In other words ·the
time for one complete operation consi.ens of digging f

swinging to dump, dumping time and sWi,llgback to load.
The time shou;ld so include all the unrecorded dela.ys
inherent in tbe operation including all the
inefficiencies in
digging etc.

or's , operators I occasional poor

'.rhe digging time (fill time) is the aspect. of the \cycle
time which is mainly related to tragmentation and which
is used as a producti vi ty Index in this study. Table 6. 4
is an extract from Table 6. 1 and it shows the cycle time,
fill time and the fill time values ..expressed as a
percentage of cycle time. From the table, fill time
values range from 17s to 20.7s with a nean value of
18.72s. Tbis corresponds to 28.05% to 30.94% of the
cycle time, with a mean value of 30%. Crosby et al.
(1981) found that fill time for a good digging operation
is typically 25% of the cycle time although this dep~,ds
to some extent on the swing angle. An average value of
30% appears unsatisfactory and is a manifestation of
tight digging conditions of the muckpdLe which could
resul t from a number of design factors including- the
excessive spacing and burden discussed in Chaptel: four.
Two dragline bucket lengths should fi.ll the bucket if

101
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Table 6.4 Fill Tlnte Expressed as Percentage of the cycle
Time

\\

a

ijtITAST : 8LO~ L._"'::I!K11NG__ ~__j FlLLTli\1t:1
cii DATE iNUMBER 1 CYCLE! F11::L J AS % OF .1
II : .".. fl. :!

;,','rL;~ .; - ! Tir!~E(S.Lk:T~1E (51 _LGY~~ Tl~::LSi
\ \ \

I
~ 226:-1"23,,19933I 3205109! 65 : :;:0.11 30.94
il 320587 60.6 )7 28.0:;

~ ~ 03/3/93 i 320576 a,q.5 18.2 29.12
'I 10/3/93 I 320575 ffiJ.S tz.s 28.95
~I, 18/3/93 l 320543 58 i 'l'7 29.3!
il 2513/93 I (:320531 i 62,6 i rs.ss 30.24
il 3G/3/93 I 320501 65.4 I 18.74 30.18 1
~ 0-:/6/93 i 3206108 68 I 20 29A1 'I

l~0.8'6/93 .1. 3206713 04.6 . 18.71 23.96 i
1116/93 . 320676 63.4 j 19.46 i ~p.69 i
18/6/93 i 320665 I 61 I 17.86 i 2S.61 ':
"9/6/93 i 32CI64'~ f (::.08 J 'fa l' .!
u~ t ~ l w. _L' I [

11 --...(. AVG ill, ,~2.73 '18.E5!~9~59-~;
L STD 1 _~~\:60 1.06 i . 0.82 j

{J L~7;r- .

fragMentation is ggod and. muckpile is sufficiently loose
(Chiapetl'ta, 1993). Ideally, the muckpile profile and
displacement should compliment the digging equipment. To
achieve this, there 'should be a -trade-off between higher
productivity and closer drilling pattern~ which

)i . •necessit''lte' higher energy input (more e~plos~ve
/ <;

\consumption).
, "

Bank cubic meter per production hour
(BCK/Pr.Hr)

Bank cubic meter refers to the in situ vo Iume of the
block or bench. Production hour re.pl'asent,s th.e time wh~n
the dragline is physically diggin.g. Eesentially it
excludes null element times not directly tied to fragment'
size such as time for preparation, walking and delays.
FUlr:thermore the effect of mechanical availability and
utilisation is discounted. Used as a productivity index,
bank cubic meter per prodllctiqr,l hour gives a volumetric
measure of the digging capability of the dragline shovel.
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The measured values tor the blasts in question are again
c, \1

shown i~ Table 6.3. The values \ange fr0nt_,1755 td 265!?

aC!d/Pr.Hr with a. 1l\eanvalue of 19'26.. Theoretically the
maximumvalue for the dragline in question is 3208'

,f {.I, '\,

BCM/Pr.Hr~ It i~, tberefore evident from the avallabl~
data that the drag line is performing far below
expectation and there is roomfor improvementif related
dr:U,ling and blasti:rH;J problems are corrected. The restilts/'

Ii

of the IJ!agline performance evaluation is sUll'Jnarisedin
l'able 6..4a.

\"
6..3 DrB.qline Per:formance Related to Blf\5ti,nq

" 'Fheprevious chapters have dug into a critical assessment
of the existing piactice (design consideration) on the
mine as well as the causes of fragmentation problems
th:tough von measul"'-<:!mentsand high apeed ph(..tography. The
salient points are recapitulated in this section and.for
the 'argument of brevity ~.ad clarity are presented in
tabular form !(Table 6. 4a) . On the question of
fragmentation 69%of the fragments were in excess of 80cm

~\_jJ
as surfaced by the model, this justifyin~ a review of the
blasting operation. vir,t.ually all the blasts analysed
showed a uniformity exponent of the Rosin-nammlermodel
g:reater than 1 which is the optimum requirement for
optimumfragmentation (Cunningham,1993)." The foregoing
analysis ::reveals that the draglir~...!productivity assessed
through the various ind~ces, viz, fill time, fill factor
and BCM/Pr.HrI is far belowexpect.at.Lon, Furthermore the
decreasing trend of fill factor during the periQd under
inve~;tigation (Figure 6,.1) leaves much t~ be desi:r.'ed.
These issues will be addressed in due coa~~e.

The \TOD measurements (Chapter 5) have placed in r.etter
perspective ~omeinitiation relateq problems such as poor
in-hole delay performance, top p.timer initiation before
bottom primer (althougb t,bneti to initiate the reverse)
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Table 6,4c Slrnm6ry of Aes~~ ~ance Evaluation
c. '--'

l-"
o
~

'" PAPAr~~~ER :1 N~; il_':: v~- l'1c "« REMARK --'~--'--==~'---~lt
:;---=--=---'-----;1 t·" . -- . -. . .. m=-"".m 4_= "" -If
c' !l f. FlU Time j! Bange: 17·-2O.7s 1 ~a, Fat time for a 9(~ digging operation is tYPically 25% of it
11 it jl Average: 18.725 r total cyde tine .:~ U .- II
it jl \1 30% of c..-yde time j Average value of 30% is quite unsatisfactory. II
i! !I 11 'I (b) Oi!fICU!t digging condition is m~nifested, .;1

1, 11 ,/tC:l iryO!jragine lengths should ffll the bucket if fragnentation .If
I: _. I! ~ __ ,is good a'!!.!!!~!seile ~_~.Jentlv ~os~ fChj~p~!a:, ;_~}. .Jl
l~ rill factor 1: Range: 52.6-74% 1 (a~ Most !mportant index then rnprovca drGglifie prWul,,"'UVlty. II!
1! {Bucket factor} ;, Aveiage: 63% I (bj Fiii factor values fors~1tisfactory diggmg conditions are: I
11 ;1 ! Theoritically: 40 - 1~O% .: II
it II I P~tical!y: 85 - 95% (Chiappeta.) it
11 ;1 \ (~ra~ Vcilue 0163% is quite low, Again dlffir.;l~tdigging II
il. ihs:: \ condition or tight mu.2!<.P.ileis manifeste9.: __ .....___ _,__ .~l
~l 3. SC.MI ProHr h range: '1755-2655 i {a} There is room for rnprovement if related driling and bl~sting II
:1 Ii Average: :926 I problems are corrected and blast displacement irouced. I
H H} 0 1~ __ ,~..._____. ,._ _. --- ~~~,...::..::;~ __ .. ~l

I " I { :1
:i jj 4. Ul1ifo~ lLRan~ 1.01 -1 .31 i (a) Unifonniiy_ iooex of 1 or more portrays good fra~:p1entation. II
:FRAGMENTATKJN h --11 .i . II
~ =:1 5. % Oversize !I > tsocm; 5% i (b) For dragine consideraV.yti, no oversize per 58 Ji
I: II I! > 8Ccm: 69% I (e) Howewr from design perpective, blast c~nt!r.olSly res.ulting in -. II
J l! II i boulders .greater than 80Cm snoud be reVIewed (Cunmngham ,1993). it
;j H II 1 * Generelly fragmernaticn appear not to pose problem on the F
.~ IL_ Ii _ i pr~1!~)"lllWever .~:~kfable Tog ElieGt" c~!s for alarm. !
:;- if - 1,1 % OUT OF TOTAL , . --- I'I 'i 11' ,11 Ii iL......._ COST _ _] ,
ii II 6, Driling. ' Range: 5.('£-6.91 %!t ia) Orating cost is insignificant. ill
,I I ... ...•. L 6Ob... .
i! COST Ir-r.-Biasting ~---'-~'11~:~~~O.3-42.4% j (b) Any chang3 that may result in increased drilHf1g ard biasting II
1I H _ i! Avera!!!: 36% i cost but which can possibly enhance draglirt:: produ(;tivity wi!! f"l

I! Ira.Draglire 11Range: 50.7-62.83%i drastically reduce overaUcost. ~.
•, I 11 l. ,\ .' • Iil Ii IiAvarage: 58% I . I
ii .1 ,I )
;" ...........l _ _ ~ _ --!.
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Ii
and cable sevexence a11 of which have dras-biic influence
on blasting pelcformance (refer to Table 6~5)~I Explosives
fil::'ing below the ch(!~ract,eristic va,lues a~~dexplpsive
in(~ompatibility with the blastin.g environm~~nt are also
evident. The high speed 'i photoqrctphy is used as a
valuable diagnostic f~eld tool ,to coml)lement von
measureme..l'lts• Asse'Ssro.e~\: of the eXistint1 pl::"actice from

>\
'\ thE! design perspectivE~ (Chapter 4) ha~sindicilted lack of

'field con.trol in many areas including spacing burden
(J

ratj('l, delay selection and loadinq4
• I

'~"_i

\-\
In :relating dragline performance to blasting I the major
des:lgn factors infl1J.E:~nc5.ngdragline. produ(~tivity are
dis(~ussed; reasons for peor fragmenta,tion and hence low
dra~rline digging .efficiencies as uncover-ed through
vela'city of detonatil')n measurement and' high ~peed
Photograph~~!~l:e exPla,..1nerl in the subeequent; sections.
.::>the:r external fa.ct.or~ impacting on dragline

~I

prodl~ctiivity such d$> operatdt-s' per:formance are also
«;\valttated to eliminate the experience facto:r aesociated
with different opE~rator~). <, \

,-;1 !.'.~
i \

.G..3.1 Desiqn tll.~tOX:~ jf.1a.ted tc fragmentatio\l1 and
prl;~d'!lct1.vH~Y i\

\\
II

There are a number of factors affecting iragmenJ~."i.:.ionof
rock which the blaister must' consider when decid~\~ngon a

"spe(;ific blast design. Thes_e factors are catEgorised
under 'Uncont.rollab~Le (such as .. geologJqal factoi~s) and
controllable (explolsive and design) factors. It .Ls the
latter case whicr i~s wi thin the control of the ~laster
(Paul, 1993) an' must be adjusted to achl.eve oi?timuni
fragmentath:m and ilnprove dragline prr'ducti vlty J In,
Table 6.6, the dragl.tne productivity using the va\):'ious
indices; viz. fill time, fill :.~actor and BCM/Pr.H~' has
been st1.\died under var Lous c~')ndition~ of dec~~ng,
spaoing··burden r-at.Lo , de lay ind powder factor, ThE!~re

'\\
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Tacte 6.5 RESULTS OFVOD MEASUREMENiS: Emulsion E-6000 {RO=i.J1L

No of Hoies monitored = 25, Range of von measured = 4491 m!s

~========~=---~IIi--,i
J

--.'

t-'
o
0\

r; ._-.
i fToofHoies 1 % of iota!
1~- ~ --r- ~I
J! 1- f
i: 1 I 5,5 l Svrnoathetlc detonation of
II 1 i top deck with bottom deck
I" --t. _
Ii 6 ! 33.3 I Intererence with the cable
hr· I Top primer initiated before
Ii 5 I 27.8 ! the bottom primer although
j! ; j timed to initiate the reverse.
i! j-DeflagraUon of the bottom
~!/. 2 11.11! pri~er fol~owedby deicnation of
H i the top pnmer.
,i!L- .

II
1f

jj

~emarKS Icause5l _Event

----~,
(3.) r-requent ranure or me bottom Units 'Or -ii
(b) Timing problem where the top 525ms units II
_ar~ firing b~fore the bottom 5COms uriits .. __ ii

(a) Explosive at the bettom primer regIon above or close to the 11

critical density resulting in recaced explosive sensitivity. _ II
! (b) Scatter in timing of the primer region resurts 1i-1 earlier firing, thus Ii

__ . . ~_ ! disr..Jotingeart of~!1eexplosive column and inhibjt.pI.~per detonation'll
~ .Dp.flag!<l.tiO!1 of oottorn charge I (a) Pcssible desensitisation of top charge by bottom charge or adjacent!1

1'j .t t ~i witholrt recovery into detonation 1 charge due to excessive time (deiay) scatter or' I
. i i.e ~opfai!ure,.. . ! (b) Performance problem of the ':~2!?sive, . ~I
]1., I Firing below the characteristic VOD.l (a) Indicates performance proolem or explosive qua~itiprcolern. Ii
11 16 88.8! In most cases, run up did not occur! (b) Explosive incOfIlPatibl.ntywitt; the. biasting environment maryifestad, ·l!
Ii i and detonation remained linear. I "* The need to investigate into the explosive quality was thus justified. I
!1 ! j * Explosive gassed to 1.i5 and 3 blasts (16 hqles) monitored. ]'
Ii \ ! RESULT£;t: All ,~xcept one hoie detonated ~tcharacteristic \fOD. 'I'll

it ! ! CONC~~t1SI0N:Coi1$irmspr.eblam not with tnitiatio!1 but rather II
:i _ 1,.;--- .~= .. ~ with the e_~olosive{E;rnulsign E:-6000. RD = 1.31l_J

! c
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Taole6.6 Design Factors Re:a:u! to Olagnne Productivity and Fragmer1taoon
o

,)

c-

rr T~ .~~ TMATERIALP'ROQQC<"'llliAi1ERAGELTAG~OlS=' - - .=~=~_",- --==-- J
I!PARAMETERI BLOCK, (VAtu. E) , FilL LFlLL~ BCMIH.! UNIFORMITY. REMARKS 0II t L- } TIMEj?Ll£.ACTOR(%)1 - iNDEX(nj _
I, . -r------l~----·--, ----'-';1' --. -- -- --_----------------"
Ii 1Decking 15109-5431 ash II - 18.4 I 73.93 1884.1 1,07 ($)AshP'<!rformslelattvelybet1er. ~
il I 531-676.L Ai! ~,-l9.4 l 67,85 2042.5 I' 1.05 ' (b)...Wi...ItOair d~!\ I.:asmove quicklywithin t-Zms I
II I 665-622 ,. Full col. c 18.4 I' 63.79 1697.8 1.29 fr<?mbottom to top declt, desensitising the
III i I 'Ii .' . ro~uctthU$ causing symrx:thetk: deto'l~~on. I
f I I [ .,':orcsve deflagrates. poor oreaka@ resuss.

II.... . 11•.•'. '. II.... ..' ..J (C.' /-\shdeck,$lOWS.down SU.'.Ch iJ. as..movement to 5-15n15.!! i II (0. Full column charge has not yielded the expected
II I: I !I I ! productivity. Its probablt'-_!!r)t more ~xplosives
It I If -t' ,. I than necessary h~ ~,;~sed to compensate liel~------~~- _[C _ __ ,- f-- for some b:astin9 !Oadequ-1lcl~_. __".__ .
H! lr - ',i o
11.' ! 5,~9-5751,0 X 10.2 II ~8.3 13.58 1862.4 II 1.0.8. . {a) S X B := 10 x la.2m give$ retativeli the
II L. S X 8 I' 543-501 I 11x 10.2 Ii 18.4 I 71.03 2081.5 t 1.07 best ('*lutts.
" 6108-665 i 11 x 10.5 Ii 19 ~6.17 1~78;1 1:1 <p> G~es an indication ot tne possibitity .of
IL' . I 643-622 I 10.5x1O.5 ,I 19.3 i 03.71 " 5a8 I D .. Wo. better res , .. by .. ,jI,."ed,ong
I, 1 - I!-- r,--JI-:- - the drill e~!tern. II
II I . ,I I I
II 3ln-hoie I 5109·543 I.525&500msi.' 18,4 I 73.93 .1884.1 1,1 1.07 Furtherio.vesti9a.tion I.lsing VOOt,ace necessary. ~
II delay 531-622 150o&500mSI( 19.17 . 66.34 ,1913.2 1t 1.14 Refer to section 5.5.

II I. I I " ..-_~l .__ .__ '. -'~~._'"_ )

it 4 Powder u.448 II 18.4 : 73.93 i 1884.1 Ii 1.07 (a) Easy (jigging yvjth0.448 ,
1'1' Factor 0.450 II 19.4 I 67.85 I 2042.5 II 1.0~ (h) MediIJm digging with 0.456
11. (kg/m3} 665-622 0.483 III 18.4 ! 63.79 1697.8 J. 1.29 {c} D.iffiCUItdiggi.ng.'with 0483
l~ I 'I lr~i In:::r.eaSed powder factor did not n.ecessari:Y ir.1prove
'II i ~__lL.;i dragline performance. The effect of increased powder

I • II' I. ll./ I. .fCdc.rv-r....s negated by using i.'.0l.fget .d..f..ill pattern .i.e S x BIi I I ! 1I ratio of 11 x 10.5m. Crater due to one hOI€:may not
iL ! JL ____J_.. '::l--==_~! _ o\le~a!lthe ~ext~ole,hus r~ulti(lg ill,!Q~,__ -,,=

.J
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design factors .have already been covered in ,Chapter 1 and
are reproduced here in summarised form on ~cco.unt of
their relevance to. the present subject. The influence of
the various facto.rs on dragl.ine pro.ductivity is dLacuaaed
below. It must; nonetheless be emphasised that thesa
facto.rs only offer partial ~xplanatian to the dragline
performance. othE~r factors ceme into play al'though their
:influence al"e not. quantified or isolated in this report.

Effeot of Decking on dragline productivity

From Chapter 5, it was evident that the results of the
deck performance trials are inconclusive as a SUbstantial
number of explosive charges fired below charact~ristic
VOD ranges. The investigatioin that follows therefore
arises from the fallacies or inadequAcies of the earlier
stUdie~.·· Table 6.6 shows dragline productivities for the
different dack Lnq materials, viz, air, ash and full
column change. These LndIces expressed ,as perCell,tages are
depicted on FIgure 6.3.

Pmdu(;tlvity index
40 ,----.- ..-----.-- ..-.--.--~----~-- -----.-,

Ash Air Full Column

Pecl<ing Material

III Fill Time (s)

t;J Fill Factc)r (%)

EJ BCM / Pr. Hr.

Figurf~ 6.3 Effect of Decking on Dragline producltivity
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It" is easily rema~kable f!.·omthe combined effect of the~ .
th1'::'oeproductivity indices that ash used as decking
material performs" relatively better than air. The good
p~1-rformance1n(~the ash deck, is reflect'~d in t.he lower'.
·f:iJi!,. times and.higher fill factors as well as bank cubic
me.te:s per hour. With air decking (contrary for ash
decking) gas moves quickly, within 1 to 2ms, front bott<)m
to top charge, possibly, desensitising the pzoduct; and
causing sYJr,pathetic detonation (Chiapetta, 1993). The
&xplosivG deflagrates and poor J:>.t·eakageresults.. This
situ.tion can be aggravated by high scatter in delay
interv.ls as seen in the previous ohaptierr. .Ash decking
is capaDl~ of slowing down such g'as movement to 5 to
~5_ ~ A full cojumn sharge aid not yield the expected
hiqher productivity. Q It i~ therefore probable that more
explosives than nec~ssarjl'>have been used to compensate
for soma blasting inadequacies. Earlier investigation by

the mine operators also. revealed equally ac,?eptable
fragmentation results when crushed stone is used as a
decking material.

o

Effect of Dri1.1Pattern on drag-line productivity
o

The subj ect of spac,in<1 and burden has beert covered by

many auehoz-s r Brinkmann (1990), Hagan (~98?) f Vutukuri
(1973), cufmingham (199~). In 'rab'le 6.6 various
combinations of spacing and bl1rden have been used: 10 x

'\. 10.2m, 11 x: 10.2m, 11 x lO.5m and 10.5 x 10.5m. Tae
':'::,_, r=, 'I

'<,.t;lragline productivities for each pattsrif'~ (expressed as
percentages) are graphicall¥: illustrated in Fi9ure 6•.~.
It Ls seen that the lowest drill pattern (10 x 10.2)

. I:
(Jives the b~'1!stresults. This is manifest in higher fill
factors as well as BCM/Hvalues and lower fill times.
This gives an indication of t.he possibility of getting
better results bi further
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Productivity index

10x10.2 11x10.2 11x10.5 10.5xlO.5

Spacing Burden ratio

Fill Time {s)

r~11 tr.... Pac'or (%)
\
\

SCM I Pro Hr.

productivity
Effect of ppacing-Burden rat~p on Dragline

II

Figure 6.4

lbeducing the drill pattern. A spacing ':burden ratio of
!l9.5 x 3.Sm has already been recommended following the
sensitivity analysis conducted in Chapte}j! 4 using the
KUZ-RAMmodel.

Effeot: o~ powder factor on drag-line producti"l'ity

Average powder factor values of O.448kg/nt3, Q. 456kg/m3

and O.483kg/m3 have been used in different instances
(Table 6.6). Fi9ure 6.5 is a drawing of dragline
productivities corresponding to the various powder
\factors. The tigur.~ presents an interesting picture in
that higher productiv'j_ty values are ironically associated
with the lowest powder factor value of O.448kg/m3• In a
similar vei'h, lower digging effic:iency is p.ort:.rayed with

1.10



productivlty index
40 I -- ..----.~---..--.-~-

0.448 0.456

Powder factor

0.483

Fill Time (9)

1"111 Factor (%)

[~:Tld BCl-t I Pro Hr.

JiFigure 6.5 Effect of Powder factor on dragline
Productivity.

o
the l(Jher powder factor (0.433 kg-1m3), This means that
the avel1ues to exploit to improve fragmentation is not
only increasing energy input but also other factors such
as drill pattern. The increased powder factor did not
necessarily improve dragline performance. The most
pLauslb Lecexplanation for this observation is that the
effect of increased powder factor (full column charge) is
n(;~gated by us i.nq larger dimension drill pattern. i.e. a
of 10.5 x 11em'., with this larger pattern the crater due
to one hole may not overlap the next hole. Explosi.ve
energy appears inadequate and unevenly distrihuted
resulting in suchproblems
fragmentation, tight muckpileg,
bac}~spills and tc)e problems (Baur

as misfires, poor
excessive cratering,
et 8.1., 1981).

It is postulated here that ir.r:espective of the energy
input (powder factors), if other engineering field
cOl'i'trol measur-es such as drill pattern are not properly
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and adequately checked, the desired fragmentation can
hardly be achieved. Iin consequence draglin6 product. vity
is bound to be low.

6.4 Blast Monitoring Versus Dragline pr~ductivity

Table 6.3 presents the dragline productivities and
fragmentation results (assessed through the uniformity

" Iindex) of the various blocks. These I.roductivities were
discussed in sections 6.2.1, 6.2 ..2 and 6.2.3 and these
sections showed the importance Of considering even what
May at first seem unimportant details. The results of VOD

measurements were presented in Table 5.1 and 5.4 and
summarised in Table 6.5. This section relates dragline
producti vi 1;.yto fragm~nt~}jon ~nd explairts t;hereason for
low productivities or otherwise of the dragline as
unc07ered by blast monitoring. It will throw light on
such questions as:

is the dragline,,~:r.oduction rate satisfactory or is
the producti6nCa.-f optimum rate?
can the prClduct~fn l:':ate be increased using better
blast.ing? In other words is the drilling and
blasting operation good enough?

- what is the effect of VOD of explosive and de~ay
performance on dragline productivity?

It is very d.l.fficult to obtain accurate meaningful
figures directly sh{Swing the actual influence of the
drilling and blasting practice on dragline production as
there are many variables that affect the blasting
operation which are'·difficult to isolate. Nevertheless
through blast monitoring (VOD measurements and high speed
photography) and dragline productivity evaluation (using
fill time, fill factor and BCM/Pr~Hr), the f(Jllowing
scenarios have been encountered (refer to Table 6.3):

Iilogk_3405109-320543:Good fragmentation, relatively
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easy digging but VOD belcv-characteristic value~*
II

Bloc~ 320531-320676: Unfragmented sections of blast,
difficult digging and von below characteristic
values.

I'Bloqk '32Q66~-~?Q653: Apparently good fragmentation,
uniform VOD but poor dragline performance.

The reasons for the occurrence of these specific
scenarios are d.iscussed below and presented as
abbreviated case histories.

CASB 1: Go-odfra91lle»tation, r.elatively easy digging
but von below char~ct.ristic values:

Although most of the charges fired below characteristic
VOD's, fragmentation appeared good and digging was
relatively easier as manifeste~ by the dragline
producti vity values in Tabl~ 5'•..s e / The following reasons
accounted for this situation:

- Geological infor)nation confirmed that rock in that
ar.eawhich is of sedimentary nature is soft, jointed
and pre-frac'tured by natarre , There ;istherefore Ln-

:' . -;;

built fra9.mentation which enhanced the breaking
effect. regardless of explosive performance.

- Secondly I according to the propa.gation mechanism, if
a charge is detonated instantaneous reaction at the
secondary reaction zone behind the shock wave gives
little shock and gas energy sufficient to fracture
the weak rock in &pite o~ lowVOD (Brinkmann, 1993).

v.

- The. uae l of a smaller drilling pattern and ash
decking: obviously enhanced the breaking
characteristips of the explosive.

It is therefore evident from the foregoing that
fracturing in these blast areas is more ~ fUl1ctLon of the
natural pre fractured st.ate of the rock rather tharl the
drilling and blasting technique. Hard rocks have higher
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compressive and tensile strength than soft rocks, and the
ability to transmit strain with much less attenuat;3)n
(Atkinson et ai, 1964). To blast hard rock effectively
and to create good fragmentation, an explosive is needed
with enough strain '.lnergy to overcome th(l) tens:'le
strength of the rock to initiate radial fractures and to
cause spalling at th.e Zr!C;g face. Soft rock, on the other
hand, requires compcu:at.i\)'el}·little strain to start the
cracks, but attenuate strain quickly. If a large strain
is applied, the result will be muchneal.·-hole crushing
without b~tter breakageI at leas'c in the vicinity of the
hole. A lowVOl)explosi va provides the strain required to
initiate the cracks, but does not excessively crush the
materiaL IL the gas pJcessure is sufficient the material
will be crushed j~nth~asamemanneras iwith the high VOD

( ;.

explosive, but withoui;:the near hole crushing .. For thj,s
reason, lowVODexplosive ~~ recommendablefor the weak
rock in the Syferfontein environ~~nt. Fracturing of the
rock therefore does not necessar:t>y require that much
high von of the explosive, ie 4500-5000m/s.Provided the
reaction is complete, a lowvon does not indicate reduced
energy as long as the von is consistent (Ladds et aI,
1990). In the circumstances, it even resulted in enhanced
brElakingeffect in the weakrock.

CA~..ILll: Unfra9'lllented sections, difficult digqinq a:ud
von below characteristic values:

In c~rtain portions of the area under study th~re were
completely unfragmentedsect ions wheresecondary blasting
was effected, lo'i] dragline digging efficiencies (Table
6.3) recorded and VODfound to be below characteristic
values. Reblasting an axea is costly as well as
difficult. The initial blasting operation tends to open
up crac~s and fissures in the bank that provide ready
exi t routes for the gaseous products formed by later
explosive charges. The result was that an even higher
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powder
i

factor was used. The cost of having a dragline
'.,idle(or want of suitably prepared material wasl ,of
cc~rse, prohibitive. Back tracking th~ results to blast
moni tor ing, the poor flia9lllentationcUlminating in low;1 ,',
dragline performance hasll been found to be:att~\ibutable to
the following: {I

- wi t.h such poor exp.Losive perfonna:nce (mean von of
2146 m/s and Range 3891 m/s) as observed in block
320543 in Table 5.1, explosive reaction proceeds
abnormally and detonation, becomes unsta·'Jle.
SecqndG:.:ryr(.."i\ctionbehind the detonation front may
not reach completionw The result is a drastic fall
in energy output, and rock breakage is bound to
suffe:t"if the rock is not weak oy\prefr~ctured.

>~~~\I'»;!c'.'} ii' )
- Furthermore VOD and explos~on:!..:.,~l."~&",,'ure(peak~_',,'

pressur~;applied to the borehole walls) are related
{Brinkman, 1990}

P = O ..13dv2
A 0.5)

where
C"'~e = the explosion pressure (in Pascals). The

explosion pressure is the ,peak pressure
that a blasthole would experience if
there was no expansion of wall during
detonation.

d = density of the exp)os.ive in kg/ms
V - Velocity of detonation in mls

'l'he equation shows t.hat pressure decreases with the
square of VOD. The partial detonation of explosive in

;'1

several instances as evidenced by low vaDs (Table 5.1)
could therefore result in significant drtJp-off in the
peak pressure applied to the blasthole walls.

High speed photography measurement for blast 320531
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\

C)

confirmed out-of-sequence firing in three rows. Also
row 23 did not fire. The effect was overburdening
for :rows 24 onwards,' and the blast was choked as
more bl~puts were ob1?erved•

. /

II

Timing Lnaecuracy pa-::tly contributed to the
fragmentatj,.pn problems" This is becausla the scatter

'/ ,--,-"::::->-,

1:t1 timing bf the· in'~hole detonators (Table 5. Sa) and
the 67mjs surface delay (Table 5.5b, Block 320678)
could poss.ibly desensitise eXI').osive in the adjacent
holes and/~r to part of the explosive c{.)lumnwithin
the same hole.

D D

,_\

The foregoing therefore· reinforces the conclusion that
the emulsi(')n E,;-6000 has not been .efficient enough to
achieve the nEipessary rock bzeakaqe as portrayed by the

"

erratic detonation results~ EXplosive incompatihllit.y
with i:he blasting environntent ::1$ :n:'~nifested with a
con.comitant poor dragline diggabil,i.:cY and that re-
evaluation of thE; explo$ive is necessa~y. The t~ble tep
effect ,or completely unIJagmented section enco'lntered in
block 320531 and 320576 is the result of the foregoing
problems.

CASE IJ:I:\GOOd fra9lle~t.~tion, uniform von but p\)or
draglin_ performance:

r=;
In certain blas~dra9'lil1:,~)l'erformance has been four!d to
be unsatisfactory in ,/'spite of apparently igood

fragmentation and uni':formVODof emUlSi~:q.;~-60(TO ~hich
was gassed to a dens~ty of 1.15 or less (See, T~ble 61~6) •
It is established that: ('\

\shooting 'ln place' I results in tight ln~dkpj:~et
resist~'~J bucket; penetration in spite of apparently
good f~agmentation~
Other external factors such

", '/

as (6peratolfs'
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performance could contribute to such an anomaly. The
operators' performance ...have been assessed \\'in the
:ne~t secti on. .,

,.. loose I4uckpile which can assist the dragline to achievi~
high digging efficiency is warranted. On that basi.s ct
thix:'d factor (probably lUore heave) is needed which can be
achieved through the selebtion of the right surface
delay. )on S4ro,; delay interval is appropriate for the
recommend6~ddrilJ. pattern !)i: S..S x 9. Sm.Are-evaluation
(..)f blast d~~signand powder factors is ag'ain justified.

6.5 Bval'U~tion of .pacific 1:>1asts

The above discussions focused in broad.er perspective or
in general 'terms the influence of fragmentation on
dr gline productivity as revealed through blast
monit~ring. Thus, for comparative purpQ~es it is
essential to assess the hlast yielding the poorest
draglina productivity as well as the best blast amongthe
~2 .~:'-;l::::ts studied. These wouldprovide useful g:uidelines
fer future designs.

Using the combined effect ('Jf the dragline product.ivi.ty
and fragmentation., blast 320531 ( refer to Tahle 6.6) is
seen as yielding the l~il'.,..~st draqline efficiency. Several
reasons already indicated in sectio~ 6.4 above are
identif ied as the causes of this unacceptable
performance.. The$;einolude:

Larger variation
Fragmentation is

in VOD of explosive used.
adv(;rscly affected with such

inconsistellt detonation results.
High speed photography revealed fall'-:tre in Row23
and consequently overburdening of Row24 omv"lrds.
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Blast was choked and more blo'tlouts observed, a
situation whichaccounted for the "Table T,"_ Effect"
discussed earlier.
Use of EmulsionE-6000 (density of 1.31) which has
been found to be incompatible with the blasting
environ.m.ent. \'

Drill pattern i. e spacing burden rutio of 11 x 10. zm
is excessive and toe problems are not unexpected.
Inefficj ent in-hole delay performance, i. e scatter
in timing could result in desensitisation of top
charge by bcttt')nlchar'qe or ~f explo~...\ive charge in
the adjdcent holes.
Use of air decking due to the reasons given In
Section lS. 2.3.

Appendix D pl::'esents ttlf?;lblasting parameters of Blast
320531 in question.

By the same tokenl ot paramount interest i.s the Blast
320587 (Table 6.6) rated as tbe best blast a~ it yielded
the highGst dragline productivity. Thedesign parameters
of this blast together with the recomnendedchanges are
presented in Fig 6.6. Th~s was the blast used as the ba~e
case for the sensitivity analysis in Chapter 4. This same
blast will again be used as the base case in the next
chapter when evaluating the influence of increased
prodilctivity on prc(;"'~tion cost.

6.6 other Factors Influenoing Draqline productivity

'rhe previous sections have evaluated dragline
productivity 011 the basis of the various productivity
indices. A lot of weight has been placed on fragmentation
as a kay parameter affe,cting draglin~ productivity. It
should nonetheless be rememberedthat other external
factors such as operator r S performance and machi.ne
schedUling 'ban have substantial impact on-dragline
productivity and hence merit attention. This s~ction:
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Fi.gure 6.6 Blast Parameters of the Be.st Blast
BLOCK 320587
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therefore
lights.

evaluates dragline
_ "'~_JI

productivity '0~n
-:::'

these

As.e•••ent of operator.' Perforaanc.
. . .: . //,One of the key factors greatly 1nflueIJ.cl.ngdrag11ne

i)

productivity but often n~glected in per.forl1lanceanalysis
is the operators' performance. This is because of the
subjective judgement entailed in such an evaluation. The
lowproductivity of the drasline can hardly be justified
sol.:ly on the basis of fraymentation consideration.
Against this backgrou~d this section assesses the
influence, if any, of the operators performance on the
dr.~qline pr,':)q.uctivity to alleviate the experience factor
a~EJ'ociated with different operators. The operators
performance will b~ separately evaluated for each of the
twelve i b~_asts (blocks) in question within the study
p~iCd and will eventually be correlated to the dragline
producti vi ty. i)

As mentioned earlier the :u\in~oper.ates a 3 shift system
w:LtJ:i,each shift of S nour» duration. Each operator is
identU:'ied by one of the symbols AI Bt C etc. (See
l:.l?pendixC). This has been done for all the blocks during
the periods for which the dragline was operational. In
Table 6.7 the operator's frequency during the digging
period of E;richblock is shown. As the mine keeps record

q ~

c;if the operator' So producti vi ty by means of the ;total
(~ubic material moved per operating hour ('rCM/B:r), the
performance index of each operator oan be easily
t:om'i:"Jted.This is effected by defining a parameter
".Perf\;rmal',ic:eIndexIVas the product of the operator's
produc·tivity (P) I perce.ntage availability CA) I and
perc:entage utilisation (U) • In particular R the

"Performance Index" is given by the relation~

PI := P X A x U (16)
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TaBle 6,7 Illustrationof Operators' Frequsncy
.. (23/2/93 - 29/6/93) -

~;

C)

-rBweR ~-BCASi~:::rDIGGff;.fG--=::.r~;:: - OPE:RA tORS FRE(fnEC~)tc-::,,,,==-~~=.,,--co="'--==lllN_lJMBf;Bl__ 9ATr;~__.i, _PERIQD JL~I-=:S =r C 1-}5_-T·~-TIJ~~~TI].~T-[~j~~L.K_J__.OI
13205109~31~;~ ~~J2193-13/3193 r:.o 1121-;;-;-r~T;i-lf~1--~-r--~-~r~~1~-ll'
,I 320587 I' 26/2/93 113/3!93-2~~;3i931! 9 i 8 7 -! 2 L 7 I ~ , - I - ! - I - II ~

1
1 320576 i 0:3/3/93 .23/3/93-3fJ/3/93It 5 II 1 r 6 -; I 4 i 6 ! 1 ! 1 I - i-I - - I
1 320575 I 10t3!9? 30/3/93-8:4~~3Ir 1 - -, 6 ! 6 ! - I 8 I' 5 '1 - . I - I ~ III 320543 I 18/3/9.1 8/4/93-1514;~3 2 t - 4 4 2 4. 7 I -1 - - - - I
II &20531 i 2513193 1514/93-315M3 j 12 I~ 7 -112 11 I 8 ! 11 4! 2 - -. - - II
Ii 32050t' I 30/3i93 I 315/93-8/5/93 II 3 4 4 I 2 : 3 ! 1 - I - I 1 '- - - I

'13206108 I 01/6/93 !4/6193-22f6/93 !I14 I 12' I - I - ! 3 re 1 ~ll- I - 1 - 110 I 1 III
II 320678 I 08/6!93 ! 22/6/93-29/6/931, 4 I 5 - I - I I 7 1, - I - I' ! 6 1

i 320676 I 1~~~~93 ! 29/6/93-8f!_l93 ~t4 ! 7 " '_ I - I - -It 9 'Ii 2 II - ! _ .' II 8 I = I'"I 320665 1tllo/93 817193-'19/(/93 8 I 9 - - I 5 11 . - • ,- - 3
LL:?20643 _ L ;:'~{6/_93_1j~I7~~~'?1.§1@~ ~~~Ji__l_j_.:;-L ··._LJ-L1_~~,,~_-::-=._L-~~L't_.J~-:.._jj_]lgJ)
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For instance for operator Awith productivity (P) of' 2~~'l
TClIllHr, availability (A) of a6% and utilisation (U) of
78%i the Performance J:ndex Is calculated thus:

(
\ .I ,

PI ~ 2247 X 0.86 x 0.7 = 1507
!

II
By similar calculat:i.onj each operator's "Performance
Index" is pre~rentE:din, Table 6.8 .. On the basis of this

)i

"Performance Index" tr,e operators are rated as J., 2, 3
etc. with 1 being the best. (See the last coltUlU1 of Table
6..8}." This rating associates an "efficiency factC'i.t" (F)

"to each operat~r.

\)

To put, .» these fi.9ures into pE~rspective the average
o~a\.ot'$i) perforTaance (AOP)' of each' block is comput.ed,
Thi~ 1s sj.mply -the weighted average obtained:( by takingr
the algebraic film for the various oper~tors (product 01:
efficiency fac.tor and operators frequeney) and dividin~J
by the sumof the operators frequencies. Thus the Averagle,
operator's Performance {AOP)i~··such that:

E1Fl + E2F2 + E3F3+ •••+EnFn
AOP = ----------JI---------------·--- (1'1)

F'~ + F2g+ iF3+ ••• +Fl1
\1

I~ r-aference to Table i~. 7 which shows the operator
frequency c":-{F) and Table 6.8 gi'Y"in9' the efficiency ~actor
{E) 1 the "Av:erage operator's Perf.ormafice" fer block
3205109 can be calculated as follows:

AO!') = ~+12x2+13x3!~10+1xl+6xl~ :;: 270 = 5.74
10+12+13+5+1+6 47·

Presented in Table 6..9 is the summary of the Average
operator's Performance values for the var:i.ous blocks.
Rating/""as been effected on these values for each block
,to obt~ln the final "Operator's Productivity R"lting"
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Table 6.8 Evaluation of Operators' i?erfcrmanc~;

....
N
W

- ,~.__--'=;:::"~"';',.==~_..' - _._:.:..~" ----"-~,;--.-=~;::==--~.-,..::==.';.:::';.o~:".':;="'==~

II0f15RATOR!PRODUCTIVITYI AV~~LABIUTYI "UTILISATION ,1 ?ERF6RMANCEI EFFICIENyY lr
r ITrk\MU' i __{%} __.J ((lLk. . • ·1....'n.t:'V ! C" f"Tf""to.) It

. AA -'r---;
I

C I 2430 I 8~ I 87 t 1860 i ~'3 1
o I 2320 83. I 76 I 1463 . 10

! E I 2130 81' I 78 1402 . 12 1
I F I 2755 78' 97 I 2084 =~ 1 iI G I'. 2213 85 75" .> 1411. 'I 11. II
I H I 2330 90 7i '~\ 1615 L Ii
11 I ! 2498 I 88 I a;a., . 1841! 4 =_ II
!, J I 2275 ! 8'7 80 1583 I 8,.' II

L=t"~-LJ~~j~~l _;t - - j_ "-<~~ -- ';L~_~~1=1~X~~j
\?-

+ Pl = Productivity x %Availability x % Utilisation <::::::_r=-
~::::::;

1,1

c."
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Table 6~9 Average operators' Performance Versus
,DrafiJlin~'Pr</ductivity.

I)

/"/ Jl
BLOCK AVElCAOI! [)RAOI..ll're O!'l!kAToa DP.AOLlNE ~lI.lOOl

Of'ERATOIt!I PJtODUC'I'tVlTY PflODUCfMT'f nODUCTIVrlY

~ I ~.~ lit.TlHO (Ul'1t) ItATIN<1 ~DPi)
-"-

32fu109 5.76 l' 1~.C)J .3 12 U1M:on:daoIc4
i----c-

nos.'7 I HOI') 2ltlOS ,', .. .3 Well ~lIIitd,

Oot>d perf~c,

l,llWlt '-917 1129.14 5 7 Wr4~. "VenICe
Ii pcd~.

l~OS7' 7.926 Im,51 12 .. tJao:Oill'IaIe4 .

3l<I54!' 7.191 1970.19 It S Uacurre!Me,f., "
.::::::_,

(f
t.

32Iml 5.'702 tWI.32 1 1(1 UDc«reIMed.

I
I

32Q5Ol 5.730 'l65,o ..w t I r·-Ooodped~.
< "",.~, . -~.

3206108 5,t1 1801.:25 iO g 'I Wdl~, JJ
1"oor pcr(OI1JIIIICe,i

32067$ 6.167 1754.98 6 9 L'1IComlaIcd.--320676 7,003 I 23&2.46 8 2 ~.
fl'"

7.3&7
(J

U'15.94 11 ,. wt1!~.3206M 9

Po«perl~.

3:zti643 6.195 1910.0' 7 6 Wdl corrt:lIfcd.

AvCfllll:c perfCW4'llllU.

(OPR). Also shown in the column 5 of Table 6i9 is the
1'.\

"Draqline productivity Rating" (DPR) which gives an
indication of the order of. the dra<}line performance in
the various iJ'locks on the basis of the ~,'..,?dli~~tivitYindex

/'

(BCM/Pr.Hr.1 (Refe)::'to Table 6.3). Regres'sion analysis
has been conducted ;:0 verify the rela'tionship between the
Operator's Performance and.pragllnec'Performance (Figll.ce
6.7).
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.Figure 6.?~ Regression Analysis: Operators' Ratinq Versus,
Dragline productivity ..

II

Di~eussion of Results

Viewed from a broader perspecti ve the:,~e is no general
linear correlation bet.we~nthe operators performance and
dragline productivity per sa as evidenced by a
correlation coefficient of 0.42. This notwithstandin~', by

analyzing the results in 'rable 6.9 on a bl~k. by block
basis the following scenario are evident:

The relatively s~tisfactory dragline productivities
in biocks 320587 and 320501 are partly attributable
to the good performance of the opel;ators.
In a simil~:r. vein the poor performance of some
oper-aticr-sis reflected in the low dragline,. digg.i.ng
efficiencies of blocks 3206108 and 320665.
Avera#e operators' performance i~ also exhibtted in
block 320643 where the operators' performance is
seen to be w~ll correlated with dragline
productivity.
B.J,ock320531 and 3205109 present somewhat of a
paradox. Whilst the
rated amongthe best
productivities are
interesting ·to note

operators' productivlties are
i.n these blocks, the dragline
considerably low. txt is
that' it is in this block
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(:320531) that the "Table 'rop 'Effect' was
encountered. Thi%r~onfirms the. earlier conclusion

,\

that low dragline productivities in these blocks
should be blamed on blasting rela.ted problems and
not em operators, ability.

6.6.3 Dr~.9'lin. Scheduling

\\

The dragline scheduled operating time makes allowance for
periods of time when the dragljne will not b~ operated.
A scheduled operating time for draglines of 90%\"orbetter
1s typical (Bucyrus-Eri~, 1916). The dragline
availability is the par11f of the scheduled hours:
expressed as percentage, that the machine is electrically
arid mechardcally raady to work. Thus this is the total
time the" operator has .available in which to strip coal.
According to Bucyrus-Erie (1916) a 90% mechanical
availabilit.y can be attained althougl). a more normal
figure would be 80%. Table 6,.1 sutronarises the mechanical
aVailability figures for the( var!:ous blasts on the
property }::e}',"I;;Jinvestigated. Mechanical availability
values ranging form BOt 1;:0 89%W~Fha mean value of
85.75% appear quite satisfactory. From a utilisation
point of view the dragline utility is defined as thb part
of the machine available time, expressed as a per.centage,
that the dragline ,is actually stripping. The types of
delay the utility allows for are those other than
mechanical and electrical such as lunch, loss of electric
power and waiting <for blasting. This factor, according to
Bucyrus-E-cie (l!-976) varies from mine to mine but values
in the low 90%' s can regularly be attained at. well-
organised ~roperties (refer to Table 6.1). The values
range from 12% to 85%with a mean value of 79~67%.which
certainly appear-s low. It is thereforE:! evident that
although availability on the dragline is satisfactory the
utilisation is quite disappointing. The dragline
scheduling calls for concern in order to reap the
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benefits of efficient draglin~i operations.
i!
I

I'
"'.7 SUIUlaryof results and D:tSCU3S:lQUS

Dragline p~oductivities are reviewed in the light of the
fill time andproductivity indices of fill factor,

II
HCM/Fr.Hr. and have
frC\,gmehtation. The

essentially
study has

related t.~
elucidated

been
also

underst&nding of the operators' performances in relation
to drag-line produ.-r:;;ivity .. The following are brought to
light~

!)

1. Fill facto;r values ranging from 52;cf to 14% with a
I)

mean of 69.62% are apparently low .an4 implicity
portray diffi~ulty in digging. Furthermore a
decreasing trend of fill factors within t:he study
period leaves muchto be desired.

2. There a.ce no significant: differences in fill (~ime
,~..I

(digging time) for the various blasts considered.
Nevertheless a fill tim'Srepresenting 30% of average
cycl~ time is a cause for alarm as it portrays tight
digging conditions resisting drag-line bucket
penetration.

3. The maximumproduet! vity ever achieved among the
blasts considered is 2655 BCM/Pr.Hrwhilst the
theorit:lcal maximumis 3082 BCM/Pr. Hr. This
substantiates the argument that there is room for
improvement if related dril1.!ng and blasting
problems are corrected.

4. The choice between ash and crushed stone as a
decking material should be fllrthlar investigated even
though tq.:,,\ great,ast dragline productivities were
recorded with ash decking. Crushed stone was not
used for this test programme. In spite of that if
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the same delay is used for both top and bottom
"

ch~rCJ.s tnen (:;llr decking is found to be the most
app~opriate.

Lo'!i ~t'Od\lrPtivities were found to be ass()ciated 'l'Jith
higher powder factors simply btaC1aU;';l~',the effet~t. of

\~./ 0
incx:'eased powder factor(thro1,lgh full c,\~lwnncharge)'
is negated by using an exces'sive drill pcl'ii')tern , i.e
(10.5 x 11m). It is envisagEid that with the
rQcOJlURend~,d:Fill pattern of 9.5 x B. Smand powder
factor of 0'.49 kg/m3, fragmentatic)n will be improved
and as a consequence higher draglirle. p]~oductivity
.~ be expected.

!~ 1\

~ 6., In relating draqline productivity to fra~rmentation,
three scenarios~are revealed and explained:

I')

C.ood fraqm~ntationl relatively easy digging
but VO))are found to be below characteristic
values. Rocks in thi.s area are weak, and the
us(~ of smaller drill pattern as ,ell a~ ash

}' '."'-'

decking account for this occu;trence. This
justifies the use of a low VODptod1\iiotfor the
syferfontein operation.
unfra,~ented sections, diffi9tJ.lt digging and
VOD below characteristi.c values. '.l:his is
blamed on very low VODs resulting ,in a
significantly low explosion p~essure; out-of-
sequence. 'firi~,q and blowou1;l.sand poor- in-hole
delay performance F.'.re also contributory
factors.
Good fragmentation, uniform VOD but poor
dragline performan,ce. Shooting in place
re~ults in tight muckpile resisting buoY.et
penetration in :.;;pite of apparently qo(.)d
>fragllJentation,. Operators t performance is also

,;

a contributing factor.
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7 u Eval~FJ:f0nof the oper:at(?:t-sperformance' l~e"ea}.edin
vlvi,1)iterms that the low dragline pr()duc:1~ivit.if!sor
otherwise in some specific hlas.ts are at~trihutable
not only! to blasi:ing performance bui: also ito
operators ability. Thus .the influf~n(le of trie

\'.

experience facto.r associat.ed with different
operators on draqline productivity is i],}ustrated.

))

8. From availability standpoint, dragline avililability
of ,J36% is very satisfactory but a bleak picture of

'.1

utilisation is portrayed as evidenced by 1~heaverage
utj~lisation of 79.67%. This calls for a review of
'che, maprl.ine scqeduling exercise. .:

()

/1 (\
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CHAPfER7

COST ANALYSIS

\ \

Chapter 7 will de~: in general terms with the method of
evaluat.ing the drilling, blasting and dragline (Josts with
a view to m.inimising the overall cost of producti.on. It
will touch base with such topics as contribu.tion of the
various cost centres to the total cost, regression
analysi.s and stripping and mining cost rela1:.ionship to
production. Basically it will answer the question It what
is the effect on costs whenproduction is increased by
small amountson the mine? It. ~ .c!re is a growing tendency
on the mine to lower drill.:mg and explosive cost.
However, it wi,ill be seen later in thiS;.chapter that the
minimumcost may not always be in the best interest to
th~'::_':"'J\reral.r.mining system. Any reported saving might
possibly hav~ been directly or indirectly passed onto the
dragline operations. Often l)li.ttle or no attention is
given to the draglil'lG operating cost. In a.voiding these
pitfalls, this chapeer attempts to investigate the total
operation as a whole, rather than iE'oli:lte anyone
segment. !Jlhecost figures are not act.ual values but they
are l.~ealistic estimates f'rom the auchcr-s own judgement
based on the available de.ta. Labour cost is excluded in
the analysis.
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1.1 COlifatatioD of 4ri11i11Q, :blasting' and dr.gliDe cc-st
f ,.

In the analysis that fOlJows drllling, blasting and
dragline costs are t.he u.ain cost centres each warranting
separate consideration. The drilling .r<.nd blasting costs
are de[\~ndent on design pararueters such as burden,
spacing siz~ of block ( i.e SCM)as well as the quantity
and price of explosl. ve~\~".

nrilliDq Cost

BG.'M
//

consider a block of siz'~ 406620 bank cubic meteJ~s
'J

design parameters as follows:

Burden (B)
Spacing fS)

D~pth of hole (h)

== 406620
== 8.5m
== 9.5111

,== 28m

The number of holes (N) to be drilled in this block is
1~\

calcttlate(l from the relati.on: I, ,i
i)

N = SCM I {C x S X h) (18)

i.e Numberof holes (N) ""406620 I (8.5 x 9.5 x 28)
=< 180 holes

The drilling cost per SCMcan therefore be estimated from
the equation:

!i!;Ir = N x 11 X ell / (P x BCM) (19)

Where:
N :=;

h :=

Ch ::=

p =

Numberof holes - 180
Dept.hof hele w 28m

((

Cost/Hr - R260.75/hr
Prc~uction rate - 39m/hr

. II
I·
\\
\\ 131
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()
The drilling cost is c~lculated from eqn (19) as

I'

Cdr == (180 X 28 x 250.75) I (39 x 4Q,6620)

~ R 0.0829 I BCM

The drilling cost for all the 12 blasts (blockS) ,under
investiga~ion (Refer to Table 6.3) are calculated using
the above methods and the results summarized in Table
7.1.

Eefore considering the blasting cost it is advantageous
a,t this point to review a loading qonfiguration of .a
typical blasthole. Assume that the Dlast hol~ is charged
thus:

I'

stellU'lling height (S)
Top Charge of Explosive lEt)
Decking Length (D)
Bottom Charge O~ explosive fEb)

= Sm
= Sm
= 5m

= 12m

Length of explosive column (L,) = Et -)-Eb (21)
- 5 + 12 = ..\,711\

i.e
Assume furth.er that the Explosive Mass per coll}mn rise

Explosive mass/Column rise' (Kglm) :: 67. and
cost of Bxplosive/Charge2 (R/kg) = 1.016

Then Total Charge/hole = mass/colunm rise x charge length
= 67 x 17 = 1139 Kg/hole

Explosive cost/hole.:::: Kg/hole x Cost/:k:g (22)
= 1139 x 1.0110

= R 1157.22/hole

2 Mine standard values are used
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1,1

If cost of Accessories
i.e (b!?osters, NOrtEd, Oelay)2 = R41. 76/hq)..e

)'

IfII
~hen

Blasting cost/hole = cost of exploaiv~s + Accessories

= 1157022 + 41.76

'= Rl198.98/hole

Now number of holes = 180

The<;Total Blasting Crnlt is computed fr9'1nthe relation,

• ... '" • ,. '* • " • • • ,. • • • • .J- • • • • • • • • c. ( 2 3 )

wl'.i.ere 1/

h'

a. = Tqtal a/a$tinq Cost - R
Bn = Blastin!q cost I Hole - R/Hole
NH = Number !~/f Hol~s

,,",:.Tot~l Blasting cost, == R 1198.98 I Hole x 180 ,\
J.' \1;

= R 215 816.40

The Blasting cost; I SCM can be computed from equation

Total Blasting cost
Blasting post I BCM ==

II
1\

t~
"'-'

-------p--------------- (24)

Tolal BCM

215816.4

406620
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= R 0.531 I BCM

o ~.e Blasting Cost I BCM = R6.531 I BCM
CI

Presented in Table 7.1 is, the blasting cost for the
various blocks under investigation whichwore computed in
a manner similar to the above.

it,

7 ~1" 3 uraql.'1n.,£ost
II

'The dragline cost i~ calcuUlte{1 simply from the cost per
ownership cost) and the
used for digging any

p~tlduction hour (i~~lUsi ve of
n~r of prod~~c10n hours
particular block.

FOY instance for block 3~~587ratf:!d as the best b].ast

"N~~r of production hours ~ 188.06
,\ /.

cost per production hour
Bank CUbic meters (BCM)

= 1208_71
= 406620

!I

'I
cost/hr x Hours J:t production

\'.

Dragline Cost/BCM = ........--------------------------- (25)
Bank cubic Meters

= ~208. 71x188. 06
41)6620

= RO.5590iBCM
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The total cost is the sumof the drilling, blasting and
Idragline ..cost. Thus

Ii Total cost -- Drilling + Blasting + Draq.line c~st
\\

= 0.0828 + 0.531 + 0.5590 ~
= R 1.1728 I HeM

(26)

The drag-line cost as well as t.he total cost for all the
bloc};:sare also shownin Table 7.1. To facilitate the
9cmputation of the costs a spreadsheet was developed by
th~ author based on the above analysis and a typical
output is shownin Table 7.2. It is fromthis spreadsheet
that Table 7.1 is built. The next section discusses the
relationship between cost and dragline production and
concludes with a regression analysis as well as t.he
~cbnomiqimplications of the changes ill design suggested
ea.rlier.

)

7.2 Stripping andHining coat Relationship to Produc:tion

The figures in Table 7.1 represent the drilling, blasting
and dragline costs for the various blocks. Also shownon
the table are these costs expressed as percent~agesof the
total cost. To illustrate these graphically Figure 7.1

\\,_\presents the percent distributi.on of these cost centres.
It is remarkable that the drilling cost is insignificant
as it contributes only 5.44%to 6.91% with a meanof 6%
to the total cost. The blasting cost ranges from 33.33%
to 45.26%with a meancontribution of 3:8%tC) the to'tal
cost. Whatis of paramountconcern is the dragline cost
which con~tributes 47. ']%to 62.0%or an average of 55.94%

to the total cost. To r-educe the overall mining cost the
best place to start is the operation with ~:hehighest
individual cost, in th.elicircumstances,the dragline cost.
This is because reductions in this cost can produce the
most significant reduction, in overall cost (Bucyrus-Erie
Company,19'76). This meansthat any change that may

135



r~

,)

~,,~ . .--

; ~.;

TABLE 1.1 COST ESTIMATES FOR DRILLING. BLASTING AND DIlAGlINE OPERATION

r BLAST 1Bi1 LOCK VOLUME TNUMBER DRlLINGC06T BLAbTINu (:O~ - DRAGLINECOSr- I 1OT&"'"l
DATE NUMBER iNSI1U "IOF HOLES COST rOFT0'TAl' COST '-'%UF TOTAL-COSt" j%OF TorPri. COST

. (SCM) L (A,'BCM) COST (R/SCM) COST (RISCM)1.'COST -'1 (R~~M) j

~ J1L1-J?1 __m_ ,-'-41, (~ 16) ~ m , (8) I (9) ~1Q} =~_11t

23/2/93_ . 320510!!~96130 164 ~\O.~ 5.54 0.4961 35.46' 0.826 ., ,'_ 59..001 t.~OO.
26/2/93 . 320587 406620 180 0.083 7.07 D.5"3f1- 45.26 0.559 47.67t 1.173
03/3/93 ,....320576.f-2.57Sao .971... 0.070 5.96 ~.452. I ~ 38.170.661 ..T. . 5~.e7.~--. 1~f831.·I'
10/3/93 32057!?_ 3oa~r- --flr___Q:069 6.fg-·O.443 -_ S9.64~-0.60~C=._~4.17 _-:-:1.if91l
18/3/93 320543 241:205 as 0.066' 5.99 0.423 38.36 0.61tt 55.65 ' 1.101~

. 25/3/93 320~11 '. 5.087~l..:=. 168 ---0.062 - 5.13 0.,396. 32:~__'._ ..-6.747.~r~._;:;=.--:.,"~.1!'OOl. ~r:205.30/3/93 320501 185002 62 0.063 6.91 0.402 44.23" 0.444 48.87 0.909 I

01/6/93 3206108 - 5427OO'f-.' 195 0.007 --5.7'5~· 0'4,31 __ 36.85 -~1-57.4.0 _!..~.!a
{AJj6/93 320678 194400 65 0.063 5.44 0.40f 34.82- 0.686 59.75 1.151
11,1l/93 3l!O676 364230 114 0.059 6.23 O.37~~ :i9.ii9---0.507 _._- •53:8.9 O~94i

- 18/6/93 320665 -276750 96 0:085 5.20 --0.416 33.33 0.is7 -61.47· 1.248
29~3 r-320643t ~~~. 1~ 0.069-'---~ 0.:439 _38,49 O.J!i!~ 55.51}=_1.1~

AV~· 1344590.251 I: ori 5.9511 O.434T 38.1T~4!i. 55.931 1.14sT
> ~Ttt----114~~_J§J---- dE 0.5TC,,~ 0.04gt-_-· .~.~~~~ ~ -O-:-12~]

....w
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Table 7.2 'rypical output; of a Spreadsheet for co~t"Cc~.-,

computation

=

406620
8.5
9.5

1
27

180~

1ao!~..,..,.,
J:.I '

260.751,
39,

AJ Calcu!ation of number of holes

BCM
Burden
Spacing
.Cept!". of hole

=
=

=

'* Number of holes =

18] Calculation of drilling cost

INa of Holes
.Depth of Hole
Cost/Hr
Production rate (mjhr)

=
=
=
=

*Drilling cost /BCM

C] Calculation of biasfing cost

Stemming
Top Charge
Deck
Bottom charge

= 0.080

=

u

~I
12'

=
=
=

=
67

1139
1.016

1157.22
41.76

406620
180

Explosive mass/column rise
'* Total charge/hofs
Cost/charge (Rlkg)
'* Explosive cost/hole
Accessories (boosters, Nonel,De'.ay)
Total BCM
Number of Holes

=
=
=
=
==
=

=

1198.98'1
215817.121

II
'I

0.
531

J

1208.'111
188,061

0.55911

1.1~

* Blasting cost I Hole (R/Hole)
'* Total Blasting cost (A)

I *Blasting cost /B(..)VI (RlBCM)

I 0] Calculation of dragiine Cost

Cost/Pr.hrINumber of production hours

I *Drag/ins Cost i SCM

tOTAL COST

=

=

=

=
=.--=-=========
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-- Drilling Blasting "'*" J)ragline
-'--';:,\',

Figure 7.1 contribution of the Variq~s Cost Centres to
the Total Cost

;1
result in increased drilling and blasting cost but which
can possibly enhance dragline productivity will,
drastically reduce overall cost.
"

Regression analysis on Cost

Figure 7.2 illustrates graphically the cost relationship
to productivity (BCMjPr.Hr) for the blasts (blocks) under
investigation, the raw data of which is presented in
Table 7.1. l'he following points are visible from the
graph:

The drilling and blasting cost is relatively
constant and smaller than the dragline cost.

The dragline cost is the roostdeterminant
factor, accounting for 60% of total cost. A
decreaslrlg trend of dragline cost with increasing
productivity is evident.

The total cost "as for the dragline cost declines \:1

I::::)
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SCM I Pro Hr.

-- Drill & Blast -I- Dragline "*" Total Cost

l....igure 7.2 Relationship Betw:eencost and productivity
Existing Practice at syferfontein -

with an increase in productivity*
For productivity in excess of 2655 BCM/Pr.Hr (the
maximumever recorded during the study .period) f

dragline cost is likely to be lower than drill and
blast cost. The company's target should therefore be
productivity in excess of 2655 BCM/pr.Hr, in which
case cost saving of a sort can be r~alised. It is
important to recall here that th6' theoretical
maximumproducti.vity attainable by the Marion 8200m
dragline is 3209 BCM/Pr.Hr. There is f:;h~+efore no

',I /;
gainsaying the fact that the drilling C'nd :.-'.asting
practices on the mine must be improvet.'1."It;, assist
dragline diggability.

Regression analysis has been conducted to verify 'the
relationship b~tween the cost and dragline productivity
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(Figure 7.3).
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This has led to the fel'lowing deductions:

the dragline cost is linearly related to dragline
productivity by the regression equation

Yo = 1.2473 - O.00031X (27)

with a correlation coefficient of 0.97.

Where: Y = dragline Cost - RjBCM e,

X = Dragline Productivity - BCM/pr. Hr.

the total cost is also l-tr1earlycorrelated to the
dragline productivity in accordance with equation:
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T - 1.D7768 - O.000354X •••.•••• (28) ~

t>J~ correlat: ion coefficient being 0.63

- thEirt'? is no 1inear co rxe LacLcn between the drilling
and blasting cost and dr:agline productivity since
the correlation coefficient is 0.14.

The dra9line cost Ls also found to exhibit perfect lineal.'
correlation l..rith the total cost as depicted b:r Fig 7.4.

(~~

o

Fl-gure 7.4 Regression A.nalysis: Dragline Cost ve]fSUS

To.t;;,l cost

The correlation equation is as follows:

Where:
Cm = Tt:>ta1Cost

..c. (I

Ct; .- I1~agline Cost
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The correlation coefficient Is 0.9D. The earlier claim
that the dragline cost is the one to be targeted t.o
af:!hiev~ meaningful cost reduction is thus cr.)nfirmed*
X;:bnically this is the .area least eJq>loited .by the mine
when embarking on an}" cost r~w:rtion exer.cise.. The
doomsday attitude on {~\lttinqback on expl.,sive cost as a
cost~ reduction strategy should be reviewed. In chapt,~r
four which dealt with fragmentation, the existing
practice on the ll1:~newas reviewrt:d u~ldng empirical
relations as well as a model a'i'l<:l SOmE! changes wgre
suggesQt.d. As a ''result the next sectlc)n attempts to
quantify the cost implications or benefits to be derived
trom increased productivity if the propol~ed changes are

"implemented.

Econoaic I.pl~---.~ions of Tb. 'Proposed
Ch.an9~~sIn Desiqn

In chapter 4 I some chanqea in design were suggested. This
section analyses the cost implications of the proposed
cn~nges and uses the design parameters of Block 320587

; '(
(lL., ied as the blast yielding highest dragline
productivity) as the base case. T~~e changes" are
summarised in Table 7.3 and 9raphical).y presented In
Figure 7. 5~ In reference to Table 7. ~~the original d~'il1
pattern is 10 x 10..2mat a cur-rene dragl,ine productivity
of ~~62 BCM/Pr.Hr.

A change ever to a closer pattern of a. 5 x 9. 5m will
necessitate drilling 38 additional h('les~ The drilling
and blasting cost then increases from n 10. 4451/BCM (Foint
A in Figure 7.5) t,o R 0.5247 (Point B) which represents
a 17.:38% cost Inczeaae , The dragline Clost (D on Figure
7.5) apparG~'ltly remains unchanged at R CI.559/SCM as it is
Lndependent; of the number of holes drilled or quantity of
explosives used. Point F on Figure 7.5 represents the
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Table 7,3 Cost Implications of the Proposed Changes

CJ

I'-~~AErER ~1-E){,;!;;t~~~~;OS~~~'=~~1PL~:~~N~OF~=r~-~-XPECTED'l~XPECTE;i"~=--='~===-=='~=~""~-~=-~~=;;_=""=~~~']
I==~+~A~:EL:H'N_:E!_~~:ROPOSEOCH"'GEJ~~';U~E~,l;;;U~. ...O"ERA~REMAR:S"~~" "~=" "~_~

IDrille~~!!!.__~I.J.Q.!1~~j~.B.5.!.9.5! 38 additional hCle~ 1 L.__~J(a) The propaSe,l.:tdrili pattern (8,5 x 9,5) IiI ! 1 I r and powder f$ctor (0.5 kglm3) requires I
Powd~r faELo_r _~'Q: 49~ 1 0,5 f-@pres~nts _gompany:s aver<'lg~.L I __,__I <.Ineconomic breakeven point of 2256 SCM/H, II

I ! I I This represents 1'l% and 4,3% improvement i'l
Drill & Sb:;t I 0,4451 i 0,5247 I • WOk above company's above company s average production of 1927 II

tost (RlBCM) 1- 1 ! average • ~1and current production of 2162 BCM/H resp, I
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present total cost of Rl.01414/B~~ and with the changes
increases to R 1.0837/BCM (Point. H on Figure 7.5)" '.rhis
i11 effect represents 6.86% lncreaf,e.

The horizontal line Fl'1 shows the total cost assuming
there is no increase in px'oductivity of the dragline with
the changes and thus depicts the economic 'hreaR.\,,\ven
scenario. As obset.ved through t:t ..., regression analtsis
(section 7.2.1) the drilling and blasting cost showed
apparently no variation with dragline productivity, hence
the line Be. It is envisaged that with the recommended.
changes in design a dragline productivity value of 3082
BCM/Pr.Hr. can bE'\ attained~ (The theoretical maximum
attainable is 3209 BcJtIfPr.Hr). The dragline cost as well
as. the total cost can be computed for this level of
productivity from the regression equationo i'(27) and (28)

in section 7.2.1 .. Points F.: and I therefore repr~sent the
dragline and total cos.1::.respectively at the optimistic
end of the scale (3082 BCM/Pr.Hr.). DE and HI therefore
indicates the cost; curves '/tor the dragllne and total cbst
respectively at the J..rariouG levelS of dragline
productivities. Jet is wortn mentioning, that the company's
average and curzrent; productivities are 3.927 SCM/Pr.Mr.
and 2162 BCM/Fr"Hr. respectively.

The following are remarkable from the graRb:

Beyond point J, the breakeven productivity of 2256
B("'M/Pr~Hr., the projected total cost (JI) is bound
to be lower tha.n the existing total cost (JG). This
implies that the proposed chang~s require dragline
productivity of 2256 BCMl ~.Hr. to breakeven) This
represents 17.15% and 4.3% above the company's
average and curre,l1t level of 1927 BCM/Pr.Hr. of
production respectively •

For pl:'oductivity in excess of 21190 BCM/Pr..Hr. (Point
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K), the dragline cost wotlld be lower than drilling
and blasting costs in the projected scenario and
significant savings in dragline cgst can be expected

;
/!

as seen in section 7.2.1. J

The di.fference beb/een FC ~pd H.I at any LaveL of
prOdl:l.'.::ti,vi.ty beyond Point u', manifests as cost
saving. Figure "7.6. ther'efore shows the cost savings
expressed as percentage of the pr'fent total cost
to be expected at the var ioirs levels of
productivity.

Figure 7.6 Percent Cost Savings Versus productivity

At the optimistic end of the scale, a 3082 BCMjPr.Hr
production level or 60% improvement above average, art
estimated cost. saving of RO.328/BCM is envisaged which,
to say the least, is a very signifi.cant savin.g. This
actually represents 16% above the maximumsaving ever
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made at 2655 B~/Pr.Hr. level.

To put, this figure in perspEictive consider the block
under investigation which has a size of 406620 BCMand
was dug within a two week period by the cragline. The
savings in Rand terms is

R o. 32-9iBCM x ~06620 BCM-= R133, 371. 36

',I

In all cert:ainty, these are large chunks of money
,\

realisable within two weeks at the said level of
productivity. The need tq, improve the blasting technique,
rather than economising on explosives, to assist dragline
di,gab¥lity can therefore not be over-stressed.

f
/1
,;

--:;::/;:::::~

)
c:

7.3 Summary of Ch~pter
-;::;/;;//7

1. The abQ.vt:('~ostanalysis has revealed a contribution
of 39%by the drilling and blastim;J operation to the
total cost. with the greatest co;nt.::ibuti6n by the
dragline (61%) all attention must be fOC1.1Sedhere as
this can produce the most tan9ibH~ advantage in any
cost reduction effort~, It stands 'to re~,:;,on that any
change incr.easing the drilling a.nd blasting costs
with concomitant reduction in th'e dragline cost is
bound to reduce the overall cost drastically

2. A declining trend of dragline coat; and hence total
cost with increase in production is established. The
company's minimumtarget should be 2655 BCMjpr.Hrto
..achieve cost savings. J\t the op'timistic end of t.he
scale, ie production level of 3082 BCM/Pr.Hr., a
cost; saving of RO. 328jBCM is enV'isaged.. Thil~ figure
is not tmrealistic if related d'l:"~,1ling and ·~lastir.,g
prohlems are critically addressed.
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a , The company's dragline cost and total coat; are
relateqi, to productivity (X) as follows:

Dragline",Cost: Y == 1.2473 - O.0003iQX
Tutal cJ~t: Y = 1.7768 - O~000354X

where X ~ BCM/Pr~ar

Furthermore the draglin~ Cost (Cd) is related to the
total cast (Cc) by the regression equation.

Ct = 0.37348 + 1.12174 Cd

with correlation coefficient of 0.90M .'

1.48
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CHAPTERS

"CONCLUSION AND RECOMMENDATION

8.1 Conclusion

The existing practice (design) 'On the mine has been
critically reviewed and empirical relations used where
aPPt'opriate. Fragmentation has been assessed 'through a
model and sensitivity analysis has been conducted on key
variables that affect fragmentation. The fqllowing
results are quite evident:

(I

The burden and sp~cing used on the mine are
incompatible with the blast hole diameter (a
major determinant of the burden-spacinqratio)
and appears to be too much. A burden and
spacing of 8.5 and 9.5met~es have been
recommended which, to all intents and purposes,
will minimise the damaging effects of using
.excessive pattern and yet achieve, at the lowest
possible cost, the required breakage,
displacement and :muckpile looseness for an
efficient digging of the dragl.ine.

The 42ms and 67ms surface delay intervals
between rows do not practically conform with
the existing drill pattern. An 84ms delay
interval is appropriate for the r~bommended

~.drill pattern and will reduce t:he tight
muckpile characteristic of causing hard
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digging, low productivity of the dragline and
increased wear and tear of the dragline teeth.

The powder factors used are not expected to
jeopardise fragmentation 8 contrary to expecta.tion
fragmentation problems do exist and were found to be
partly attributable to the exces,sive drill pattern
used in certain blasts. Against the background of
fra91nentation problems in sp:i.te of apparently
sati:sfactory powder factors, it was imperative to
li1oni~~rpertain blasts.

/...,i

The usefulness of m.onitQrinqbtasts throuqh velocity of
detonation measurement and high speed photography in
rapidly and cost effectively identifying blast
performar1~cerelated problems are thus illustrated. The
advantag~~sof ·backinqup von measurementswith high speed
photogralithyare also realised. Three blasts on decked
holes and three others on full ccLumncharge (no decking)
have be~anmonitored and the res,ults indicated the
followin';J:

Unsatisfactory performanceof the e'Kplosiveemulsion
E-e,OOO of relative. density 1 ..31 a,s in 39 out o~ 42
cases it detonated belot'l characteristic VOD.This
situation unequivocally led tC.l fragmenta,tion
pr10blemsin certain blasts. Explosive wangass~~dto
density 1.15 or less and three blasts were
ll1clnitored.All the holes except two fired within the
cbaracteristic range~

Someperformance-related problems such as val:iable
c!etonation results, top prim~~rfiring before bottom
primer although timed to ;initiate the reverse r

misfires and ~ery low VODshave been uncovered
through VODmeasurements. It has been more than
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amply demonstrated that the foregoing are partly
responsible for fragmentation problems and hence low
dragline diggi.ng efficiencies. 2\. number of factors
mayhave caused inconsistent explosi va performances.
The scope of the monitoring did not, however, extend
to identifying the causes of the variable
performance of explosivas.

The results from h~gh speed photography also
indicated that out-af-sequence firing occurred in
three rows out of eight.. ~~lsofailure of one row led
to overburdaning of the subsequent rowsr blast
becoming choked and more blowouts observed. This

accounted for a completely unbroken section or
"Table Top Effect" on that blast.

It has been conclusively demonstrated that the 25ms
in-hole delay interval, i~e top 525ms and bottom
SOOms,is simply inadequate as 7 out of 9 cases
(71.78%) a distinct deviation from e)l:pectedscatter
was observed. statistically this assures 73 ..24%

confidence of- deviation ~xceeding the allowable
scatter, a situation which could result in bottom
charge dese.nsitising the top charge or explosive
column in adjacent holes.

The best way of utilisin<;r the air bags for decking
should be investigated furthert since indications
are that sli.pping of the bags does occur. This might
have been the reason why soma .';)f the flart:s did not
ignite.

Dragline productivity has been reviewed in the light of
the productivity indices, viz, Bank Cubic meter per
production hour (BCM/Pr.Hr. ), fill factor (bucket factor)
and fill time, and has essentially been related to
fragmentation. It has been established that dragline

1.51
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productivity falls short of expectation. The BCM/Pr/,,\r."Iwas found to be the most satisfactory productivity
measurement criterion and as a consequence received
preference in assessing the dragline performance. "This
was found to show noticeable fluctuations for the II

different blasts investigated 4 A. study of the fill
fact\t;)rs for the various blast places a questicm mark on
dragline productivity as it has gradually, and yet
noticeably decreased over the study period. Genera;fiy
speaking I from availability ste.ndpoint, '::::'dragline
availability appears satisl~actory. Nevertheless a bleak
picture of utilisation is p:;,rtrayed as evidenced by

average utilisation of 76.67%, a situation necessitating
a review of the machina sch~duling operation.

In relating dra'gline diggability to fr.l3.gmentation the
following scenario are encountered:
scsn~ios

Good fragmentation and relatively easy digging
although vaDs were found to be below characteristic
values. Rock in this area was found to be weak and
the use of smaller drill patterns accountied fC:irthis
occurrence. Fracturing of the rock does not
necessarily r~)quire that muchhigh VODof emulsion
ie 4700 - 5500 m/s. This justifias the use of low
VODproducts for the Syferfontein operatJ.,::lU.

Unfragmented section, difficult digging and VOD
below charai!teristic values. This is blamed Ol'~ very
low VODs recorded in some bla~ts resulting in
significantly very low explosive pressure, out-of-
sequence firing and blowouts as well as poor in-hole
delay performance,.

Good fragment~tion, uniform VODbut poor dragline
performance. Shooting in place results in tight
muckpile resisting bucket penetration in spite of
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c;';
apparently good fragmentation. operators!
performance wa~ also found t~ be a contributory

",\

factoJt'. The importance of evaluat.ing the operator t s
,}

,! performa.nce as a key p.arameter influencing dragline
productivity is also illustrated.

castle/analysis revealed a contribution of the drilling and
blasting cost of 39% to the tobal cost (Table 7.1). With

"

the greatest contribution by the dragline cost (61.%) any
change increasing the drilling and blasting, cost with a\\
ocncezd.tiant; redw;::tioll in the draglin() cost is bound to
reduce, the overall cost drastically. Attention ,must
therefore be refocussed on the dragline cost as it :~ill
produce the most tangible advantages in any cost
reduction effort.

- " A change in drill pattern has been pro:r;)Q~edwith
the new drill pattern bf 9. 5 x\:~B.5m and the cost
implications analyz~d§ Anydragline productivity in
excess 'of 2655 'cMJPr.Hr. would ,result in cost
savings to some extent. It is envis'hqed that; at the
opt.imistic end, of the scale, i .e a prbd'l).cti.{&nlevel

'' • \ ff ')) •
of 3082 BCM/Pr.Hr (the theoret~cal malx;~'(aumbel:ng

, ,II~ (,.,_;c

3209 BCM/Pr.Hr), a cost sav~ng of RO.32S/BCMcan be
realized.

\',

It has been found through regression analysis that
the comp"n~r's dragline cost and total cost are

\\

)1 related to 'Productivity as follows:

Dragline cost: Yd = 1.2473 - 0.000310X
Total cost: Yt = 1.7768 - O.000354X
Where: X = BCMjPr.Hr.

Furthermore the dragline cost (Cd) is related to the
total cost (CT) by the regression equation

153



8 ..2 RECOJUIENDATJ:ONS

(j

ThEf) foregoing has evaluated the existing design on the
mine and\~uncovered the reasons for low productivitY'IOf
th~ dragl\ine through blast monitoring and fragmentation
assessment. In the light of the findings the follcwing
recommendations are ¥orth consid~ring:

1. Elnulsion E-600t) of re3ative density 1.15 (conf I

fer density 1.31) is foul1~to exhibit a satisfa., t'
,) ') -. ...... "'"

level of: performance ane .cs use must be encouraqed,
It" is recommendedthat th\ VOD of "this e~j)loslve be
reduced to further enhan~ its breaking capability

,)

in the weak rock. ";f )

2• Decking is recommended if the 'shale layer is
interhedde.d between sandstone layers" However if the

,'.

shale layer disappears then a full column charge
must be used. The choice between aep and crushed
stone as a decking :material should be further
investigated.

3. The in-hole delay of 25ms (Top 525ms and Bottom
500ms) gives unacceptable '"3cat~~rand its use should
be discouraged. The in-hole delay interval could be
~,nGreased to 50ms , Le top charge 500ms and bo-ctom
" -
charge 450ms. Alternatively undelayed blast cbuld
yield equally acceptable results in which sase top
charge firing time as for bottom charge should be

350ms.

4. For surface delay consideration an 84ms delay
interval. would prodpce the necessary loose tiluckpile
and enhance the digging capability of the dragline.

If the mine wants to reap the benefits of increased
produ9tivity of the draqline and reduce cost, the

\

II,
II
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drill pattern of \~.5 x 8. Sm and powdelj',f3.ctor of "
0.49 Kg!m3 can be used.

,! J I
For such a chan~ the \eypical loading conf iguration
for a ~1mhole will be as follows:

steruminq to surface = 5:m

Top charge = 5a

stAJ!:mmingdeck "= 5m
Bottom charge .. 12m

Total explosive weight/hole == 113SKg
SCM/hole = 2713.2
Overall Powder factor

CQ;~timplicat.ion of the proposed charges are<~~Zr(1
follows:

,~, r.-:' t::'

Drilling Cost (RISCH) == 0.0821
Blasting Cost (R/~CM) == " O~4~19
Dragl ina cost (RISCM) ==,;: 0 •559

\1 /;

'l'otal Cost ""!;r 1.08373.:

"/,
6~ The mine can use the calcul~tion simih.ar to that in

section 7.1 for the" estimation of dr'illing, blasting
arid dragline cost. Fromth~ production viewpoint the
following regre.ssio~ equations can be used to
estimate the d't"~9line as well as the total cost:

Dragline Cost: Y =
Total Cost:

1.2473 - O.OOO~lOX
Y == 1.7768 - O.QQ035X

Where X = BCM./Pr.Hr.

These equations would, to all, intents and purposes,
serve as a useful 911ide in quia]..'-asses.smEfitof cost
at, any prodtict.'i.on level. /

)
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7. Fewchanges such as drill pattern and p?wder factor
have been suggested. For the other design
consid~rations, maintain the status quo. A t.ypical
example is given in Appendix E.

8. IT! order to effectively I strategiclal.ly and
economi,;ally monitor thl? dragline produc~':ivity, it
is suggested that -he dragline budget should be

based not, only on volume of waste moved pet! unit
tiYne.i.e B("'Mj:f'r.Hr but also th'-i' cost. per bank cubfc

meter (R/BCM).

9. The operators' pE.~'t"fc:t:mal'\ceneeds to be assessed
pe~~odically' to keep them on their toes. One s::!ouLi
also not 100s$ ~ight of the fact that for effective
dragline digging, the bucket should be dragged from
the floor up so that gravity can assist in quickly
£'i ing the bucket. 'lthe frequency of dragging the
hUt::~:eton the surface must be minimized as it
prolimgs the fil:L time which in turn manifest as
production cost increases.

10. Givert that fragmentation. related problems are
addressed, it is further suggested that t:he

dragline scheduling be criti<. Uly reviewed in
order to more efficiently improve Lt.s

,I

utilisation. The high capital intensity of the
dragline operation justifies this argument.

With the closer drilling pattern, improved powder
distribution, improvement in operators' perfo;;'mance, well
organised draqline scheduling ((a:;adincreased delay
interval to elim:i.nate tight muckpile, savings could
results from the following:

* Increased loading rate and hence increased dragline
produc.tivity and reduced fill time.
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'* Reduced bill for wear and tear.
'* I.ower power consumption.
* Reduction of vibrational levels. J"./

)1
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APPENDIX A: SCHEMATIC or THI DRAGLINB DIGGING MODES

1\ /,'::·:."~,r_ '.:i€',;;,;;e,.'i .1"'\.,. ...

Appendix Al: Plan and cross sectional view of a BoxPit,
Side cut Method.

Dragline using 1me simple side casting
strippIng method.
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Appendix A3: Plan and crcas sect:tonal ;_"!.ewof a Simple
Side casting Method ~,llust~atlr.J the
remo\ral of the in!t ial ki:'\Y" cut.

II

Appendix A4: Plan and sress seqtional view of the
Advanced Bench produced by the Dragline
Chcpdown Method.
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l\PPENDIX B: Rosin-Rammler :;:'ragmentation
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APPENDIX D: DESIGN PARAKETERSOF BLAST 320531
- RATED AS THE ~OO~B8TcbLAST

:1
il PARAMETERS
i~<
11
if
iii. Drill Pattern (8 x B)
!\ 2. Hole Diameter (d)
Ii 3. Standard Deviation (w)
114. Hole Length (H)
!j5. Charge length (L)
:i

)j Rock Properties

lIs. Young Modulus (yl
7 Rock de""" ~t·(11 .., I,.;.Jt ;,;~~,

!18. Poison lebo'
119. Uniaxial Comprssive Strength
iiiO. Rock Mass Description (RMD)

1

'111. Den;;1ty influence (RDI)

1
12. Hardness factor ,
Ii13. Rock Hardness index

IIIl Explosive Properties
I!l!14. Powder factor (Kgfm3)

1

115. Kg Explosive I hole ',I

\116, RWS of explosve
1,17. R\'\fS of TNT
1118. Bulk density
II1.Ii B. Other Parameters
lj
'I\f.ii 19. Exploslve type
H20. Decking material
1\21, Number of Hales JblastI,Ii 22. Delays
!I (a) Between rows
Ij (b) In-bole
Ii
I!

1123. Boosters
jl 24. Stemming
1125. Crest burden
II' 26. Toe burden
I ...,.,. P litII .a. resp I
/ 28. Tie-inlL2~.Q_etaonat9,[

"'- -----
!

1 QUANTITY
--r

l

I i1 X 10.2
1
r 250m
I 0.3

27,5m
17m if

III.
it
11

a
"il
I'il
J!
11
I'il
II;1
11

\) II

II
048 i!. II
12~4.3 .I

jl
83.~~ 1.31 RD II

11.398 @ 1.31 RD I
I II
1 III l\
)
1 Emulsion (RD of 1.31) Ii
15m Ash II
i il
I :1l 11, 84ms :1
!TOP = 500, RDttom :.: 500 I!
I ~
f336 x 454kg ii
i 501~rill chippings II

8:~ 1.'11I 3m I
N1 configuration I!!

., ,1 xfJP d

15GPa
2.57
0.25
80
50

14.25
5

4.16

);

o

(I

/)
"



APPENDIX B: DESIGN PARAMETERS - RECO~~NDED CHANGES

r,=' -'" -===
;1 ; ,' .. _"-'_1
!, PAFWvlE:TERS I EXI$1ING PRACTICEi~-=:c;"""r=--=="'- ' -....--- -
" \iiA. Parameters for fragment size analys:s :
H 1) !
,1'L Drill Pattern (5 x B) !11X~O,5m, 10.51(10 Sm,
'I ,'1 !x 10.2m, 19x 102m
;:2. Hole Diameter Cd} : 250m ( t)
~3. Standard Deviation (\iI) '0 I 0.3-
Ij4. HOle Len.glh (H) i 28m
)/5. Charge Length (l.) Urn
H ('
it
IjRock Properties
~ ~ ,

;16. Young Modulus (Y)
il7. Rock density
lie. Poison ratio
119. Uniaxial ccrnprssfve Strength
iho. Rock Mass Desctiption (RMO)
11.11. Density influence {RDf}
1112. Hardness factorlrl3. Rock Hardness index
I,

liEXPlosive Properties

11'14. Powder fa.c~o~ (Kg/rn3)
1,15.Kg Explosive i hole
1116. R~S of explosve
li17. RWS of TNT
i!18. Bulk density

liB. Other Parameters
I' -.}

1!19. Explosive type
!120. Deci<ing material
1121., Number of Holes /blast
1122. Delays
Ii (a) Between rows
II (b) ln-nole
Ii

;123. 800sters
1124.Stemming
1125.Crest curden
1!26. Toe burden
!i27. Presplit
1:28. Tie-in
;f

!!29. Detaonator
I'

iL' ,0

L:-----~.=-~~,

t
i
! 15! 2.57
! 0.25

,l Jt i
5 I 0 5

I 4.16· i . 4.16

I ~~ I!I

'j ~~0.39 - 0.49 I 0.49
,1167-1449.4 11139
!83.3 @ 1.31 RD 182.5 @ 1(/15 RDI 131 , .. 131 \ 1'\
1,.398 @ 1~~;RD '1,1.323,@,,1,,15RD,
j.,\ I'f,\'

IE-6000 (RD ~f1.31) lEmU!Sion (RD of 1.15)
~ - 5 Air, Full Column 1,5m Ash
I 62-168
! 1
42ms, 67ms, 84ms ! 84ms
lTop::; 525, Bottom e 500 j 3~.oms or
j!op::; sco, Botto.m ::;5,00 jJop::; 500. Bottom= 4$0
K170 ~ 3?f3} x 45.1Kfl",c. <1~oOx 454kg
j5m drill Chippings ., 15m ';;rill chippings

1
15,5.75,om ! 6m

8.5 , 8.5
j 3m I 3m
iV1 configuration IjV1 configurCitlon
: 1 x6D 1 x6D
)Vi configuration !

=========:,I 1 x 6D ..J.. __

\
;,
"

I~E90>~f4.E~D~t_ ES=jll
I '. f
I i

! "' "I!
t ~-=.~. It
I 9.5x8.5 it
t ,II
I 250~, '
~, 0.3
i ,28m
'1; , ;':'"!""m, zm
r

15
2.57
0.25
80
50

14.25

I
I!,

i!
b
i!
Ii
:1
II
:1
j(
'I

II
if

====-=::===d
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