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Given the high capital i@tensxty of the dragf:.ne
operat1on, ..the mine can £ afford to- tolerate
fragmentat wn problems with 1ts@ concomitant low draﬁg1 ine
prodncta.v;.t.les At uyferfontﬂan colllery very large
boplders and completely unfragmented secticns resulting

_in , low digging efficien of the -dragline were
; , ¢ al: _

! : ‘
encquntered in the inrerburden Elast. 5y

Ilri,

1]
1

This ‘project investigates the causes of the biasting
related problems with an intent' of ‘improving dragline
pProductivity at the minimum possible cost.. This ls

P achaeved t‘irough blast mfonlto.,:.ng,_ evaluation of the
exzstlng px;act«.me ‘{blast design) = using empirical

relat:.w:s, fragmentation assessment using a model,

analysis of ope@tators performa'zca and aglineﬂ
' avauablha;’es Dragline productivicy 1.3 evaluated in the

light of thé various productivity. :r.ndz.c:es, viz, £ill
factor, s fill time and BCM/H. The results indicated

. explrﬁ;sixge incompatibility with the blasting environment

and. guestionable practices regarding blast design and
Delay performance. Engineering field controls such as
reduction in drill pattern, reduction of VOD of explosive
and improvement in dragline _utilisai:ti?n are found
necessary. -

Contributing 61% to the btotal cosr, concentratlnq on

reducing dragline cost must receive preference over
driiling and blasting cost as it would produce the most

tangible advantage in any cost reduction effort.

Regreasion equations relating cést apd productivity are
estahlished. _ J
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INTRODUCTION

' 1.1 Definition of the Problem and objactives

The blasting ope. -tion at Syferfontein Colliery at times
resuits in fines, or big boulders and unfragmented
sections. A high proportion of fines indicates excessive,

use of explosives which, in addition to escalating the
cost, alsc unnecessarily increases the violencs of blast

on the nine {Brinkman, 19%0). For the dragline operation

this situation culminates in a low bucket f£ill factor.
concomitant to thiz is low dragline productivity (Bem/R)
and higher production costs. In a eimilar vein botlders,
which are usuwally the result of under utilisation of

“explos ives and poor blast design are also undesirable as
they lead to low bucket £111 factars and at tlmes'

necessitate secondary breakaqe.

The follew1ng problems encounterad in one way or another

by the mine are also worthy of mention:
- misfires or Ytable top" effect as well as

blocky fragmertation and oversize encountered

in sone blasts
high wvibrational 1levels resulting from
, excessive confinement of blast or high charge
J’
’ mass detonated per delay

k

- low f \gline Aigging penetratiun efficiency

xesulting in rapid wear and tear of bucket

teeth and high energy consumptzon of the
dragline which is a detrimental to draglin
econcmics ' |

™
-~

Pty

-

W



- choice of .explosive type and form to .ensure

efficient blasting and hence good 4d4ragline -

¢ productivity |
- high vost of production

Given the capital intensity of the dragline operation,
the mine is often corifronted with the problem of which
de51gn to use to achieve aptmum fraqmentation in order

to y:.ej.d efficient draglme diggabi lity.

This project addresses the foregoing problems with
specific focus on:
respect to dragliline productivity
- 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
| nmeasurement
- operating cost analysis with specific emphasis
on the economic implications of changes in
» design and the obvious cost reduction through
improved p_roductivity.

1.2 Bcopa of the Work '

The study was confined to interburden blasting at the

‘west bank on strips 5 and 6, and only one dragline’s

productivity has been studied. It must, however, be
emphasised that this project does not attempt in any way
to design a blast. It merely reviews the exi “ing
practice and suggests changeg that could enhance dragline
product, ivity with concomitant reduction in the overall

cost. Cost’ consideration exclude labour costs anud.
estimates are based purely an the author’s own judgemant
from the available information. The project does not

i

W

2

assessment of the entire operation with
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cover the technolugy of the dragline.

1 .

e

1.3 oOrganisation of the Work ﬂf
’ . .- A
The text is divided into eight chapters. The first three
chapters are introductory in nature with the first
~“»chapter h:i.ghlx.ghtmg the background of the problew,
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
mqnitaring, fragmentation analysis and dragline

pt‘oductz.v:.ty. The third chapter discuzses the operation .
of the test facilities such as the VODR «+ 1 and the high '

[l

speed camera. °
i

B

. The blasting operation at BSyferfontein cdiliery is

critically reviewed in the fourth chapter. Drilling,
blast tie~in and explosive loading are the areas of
interest. Equally' important is fragmentation assessment
through the use of XUZ-RAM model and seﬁéit ivity analysis

of some major blasting parameters such as burden spac:,ﬁgo

ratio and powder factor which impact heavily on
fragmentation. o

cei'tain blasts wer'é monitored through VOD measuremént' and-
high speed photography. This is the subject of concern in

chapter five which discusses the results of such

experimental measurements.
The sixf' / chapter which is essentially central to the
preject focuses on  dragline performance analysis.

Dragline product:w:.ty is analyzed in the light of %ar:.ous_

indices, viz, £ill factor (bucket factor), f£ill time and

~bank cubic metre per production hour (BCM/Pr.Hr).
- Furthermore dragline performance iz related to blasting

in €his same chapter. In particular, this chapter
considers general discussion, design factors ralated to

£

0

N
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524 General Information about the nﬁhs - V]

i

-pro&uctivity, deductions  from VOD mneasurements, and
statistical analysis of, the  results. Operatprs®
performance is also evaluated ir tHis chapter. .

7
.

B A
1" T

4

_ : i _
- Detailed cost analysis is dealt with in chapter seven,
" The various cost centres, wiz. drilling, I_,blasting a@nd

dragling.cost are the main focus within the confines of

-this btudy. Regression analysis has been conducted to

A

"estab&sh« a linear relation bstween cost and some

prod{w-*ctw*ty indlces. Economic implications of the
propos%& ynanges in design are analyzed. The text ends

with & conclusion and rep_pmmendatlons in chapter eight.

1

y
The Syferfontem Collisry cnrrently mines two coal seams
(4f Gand S5# coal} buried at depths qf 30.1m and 62.1ln
res_pectxvely ‘below surface. Two dragllnes , Marion 1
(zs'Eow) and Marion 2 (8200w), are eguipped with 76m% and
74n? buckets respectively. The ovarbﬁrden, a band of
sandstone which. is 22.5m thick, is overlain'by a topsoil
layer 5.5m thick. The overburdeh'bl"?,st does not pose much
problem comparad; to that of the inter-burden.

The interburden bhetween #4 and #5 seam is thick,
laminated and copsists of 9m of shale sandwiched between
two sandstone layers each about 9m thick. Drillihg in "k

interburden is done with a 250mm vertical rotary drill
at an average depth of 27 - 28m, It is in this area :
(interburden) that the study is confined. Figurc 1.1 '
shows  a typical cross-section of the strata. Drill
patterns in the interburden vary from 11 X 10.5 m to 10.2 5'_

x 1im for an average hole depth of 27.5m.

The rock is} averagaly weak with a Young mdulus varying ! I

khetween 8 and 45 GPa and uniaxial compress:L}re sﬂ:.:rtz=r::t5fl:hs=I

e .t

k.\\



varying betweeh 25 and 88 MPa. Table 1.1 below shows the

“variation of some rock properties with depth. The in
'situ and after blast specific gravity of the rogk in the-
overburden are 2.52 and 1.87 respectively, ‘and 2.57 and
2.0 respectively for the interburden. The rock is guite
massive in the western part and vertically jointed in the
northern gection of the mine where it is composed
. predeminantly cf dolerite. ' ’

o
'I'aBI.lli 1.1 Variation of Rock Properties with Depth
3\ [ DEPTH
L) ROCK PROPERTY _ |56 T35 | 45m | 80m (109
Uniaxial Comgressive Strength (Gi{\“ ;?aq 77 | 81 188, |25
Young Modilos Tnﬁ?a) wTE T TE T
Poisson’s Ratio i 1015 016 16.19 10,45 1074 ]

The mine employs four types oFﬂ 1oad1ng shovels ,- namely
P & H 2800, H2B5 DEMAG, H85 DEMAG, and H6S DEMAG. Haulage
is carried out using four types of trucks, the CAT 789
{177T}, CAT 777 (147T), CAT 773 ({92T) and D400 (64T). The
shovel truck combination is illustrated in Table 1.2
below.

Generally the mnine operates an 8 hoxgp shift with 17
shifts per week. There is no prqga( tion on Sundays,
However, the dragline opergtzov is a continuous one with

3 shifts per day. each of 8 hours duration, and 7 days a
week.
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TABLE 1.2 Truck and Shovel Combinations

e A R A
B Bucket Haulage Operating- Medium
~ { shovel Capacity Truck for-
| " (BCK) < | shovel
ir s u 2000 31.3 . | car 789, 777 overburden,
| | - interburden and
weathared ey,
overburden é??
| H285 DEMAG 8.99 CAT 789, 777 | overburden,
: ' interburden and #4
; seam (coali_ :
| H285 DEMAG 2,38 - | caT 777, 773 | Top soil, weather
g | overburden, #5 seam';
’ and general
excavation
H65 DEMAG 2.00 D400 | ceneral excévation,
“ " | top soil, weathered }
# overburden and #5
_. seam goal
- | I ST

1.5 Sourcas of Data, Pro¢codures and Trc(gtmant of Results
The data for this project was gathered f£from the
Syferfontein Celliery (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 74m’. Twelve
separate blasts (blocks) have been analyzed. Information
was gathered on blast (tie-in, 1leading and dragline
production and cost data on drilling, bklasting and
dragline operations. The work was divided into three
major components: fragmentation analys;?, dragline

o ﬁ
7 - '
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ot " 'I,i o .
prdducﬁivityoassessment and cost analysis.
i .

<1

_Gﬁ fragmentation, a spreadshaét'waa devélopgé for a model
. for fragﬁent size lanalysis. Blast monitoring was

conducted on Six separate blagts to verify the cause of
pocr blast “asultst The dragline productxvity was
assessad using the praductivity indices of £ill factar,

. £111/ time and bank cubic metre per production hour

{BCM/Pr Hr).

The perceptage contribution of tha various cost centres,
namely driiling, biasting and dragline cost, to the total

cost wWas the main focus of the cost analysis. Regreasion

analysis was conducted to establish a relation between
dragline cost, total cost and productivity.

= 4]

ﬁl,l." . :
Each of the twelve blasts® are analyzed on the basis of
fragnentation, dragline productivity -and cost. The best

blast givihg maxinum productivity and minimum cost per
Bcu’is selected. The reasons for good blast results as

' wall as p&or blast results are identified for. future

corrmctions. SensitLV1ty analysiz was performad on the

best blaat on. key blast parameters that iniluence

fragmentatioﬁ. Eventually the existing ﬁractice {design)
was critically reviewed and sore changes suggested which
can help inprove fragmegtation and dragline productévity

and wninimize production cost.

[

i
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CHAPTERZ °

FORMULATION OF THE PROBLEM

2.1 Review of the previous work 8

Blasting remains, in most :Saseq, the only means by which

rock is prepared for extraction. Often when poor blast .

results occur the tendend?}‘ is to increase drilling and
explosive use because the; real cause of the problem is
not known. This chapter gives the theoretical overview ot
‘plasting. Also: in foous are explosive assessment,
t"i‘agmentation analysis, dragline productivity evaluation,
biast wonitoring and cost analysis from , theoretical
perspectivg. '

Q

2.1:1 S8hock wave t._heofy of blasting

Under ideal conditions, i.e. very large hole diameter and

perfect confinement, Chapman and Jouguet postulated and
it was further advanced by Zeldov, Von Newman arnd Doring
(Cook, 1974} that explosives undergo ideal detonation. In
this case, a plane shock wave travels through the
explosives which heat up and causes a chemical reaction
that supports the shock wave which travels with a spaed
termed the velocity of detonation (VOD). The detpnation
pressure (F,) in the primary reaction zoneé is given by
the expression

P, = 0.25BV (1)

7
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where B, = explosive bulk density (kgjm% and ¥V = velocity |

of. detonation.
The !oressure of t'.he detonat:mn products in the explosion

state, i.e. explosion pressura (P ) is about half ‘of the

detonation pressure and is g:wea.; By
P, = 0.138V? (2)

Upon liberation, the chemical energy of the explosive is
converted o various: for_:ms of energy, such as heat,

seismic energy (fragmentaitian) , kinetic energy of spoil’

{(throw), concussion and ndise (air blast). n

The model proposed by Lownds (1984) and Kirby ‘and Liepar

{ 1935) cffers the framework to conceptualise the work
done hy the explos:.ve during a blast. They consider ‘that
followz.ng detqnatlon the blasthole expands radially to a

quasi~static aquilibrium state whera the explosion

presgsure is matc_hed by the gtress in rock surrdunding the

hole. The energy delivered up to this point is the shock

energy and appears mainly as shock waves crushing near
the hole, and as stored elastic gtrain energy inm the rock

surrounding the hole. Subsequent expansion of the r;jaaesLS

into the fracture network; until they escape to the
atmosphere is {ermed +{he heave energy. Further
expansions, after gases have vented represents wasted
energy which appears ‘as airblast and residual heat.

i. 1.2 The H-_uhan:l;u ~f Rock Breakage &

.. The mechanism of rock breakage as conceptualised by the
the fundamental idea of the shock-wave theory is this

{Hino, 1959): : T
1. Detonation of explosives praduces a "crushed
zone™ around the hole insofar as the intensity
of the shock wave produced by an explosive
charge is greater than the compressive charge

10
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“ the. reck., As the compressive strength of
the rock is rat gr hlgh this range of crushad
zone is limited to the vicinity of the charge,

", while-a short wave with high peak pressure but

of long duration propagatas outward__a as "a
compressive waye withont producing - any
breakage of rock (Figure 2.1}."

_Beyond the crushed zona, there cin be no

=

compreasive fallure due to shock wave; however
the shock wave {(compressive wave) is reflected
as a tension wave at the free face because at

the free.face there can be no force. As the
tensile strength of the:rock is much smaller®

than the cmprass‘ive strength of the rock a
fracture oqcours cuat the point where the

effective te.nsi(m, "%hat is, the differehce

between the intensity of the tension wave and
the remaining compression, exceeds the tensile
strength of rock. o

" The range of breaking extends from the flgee

face towards the centre of the charge. The
distance between this point of the first main

“fracture and the first fi'ee face is defined as

the wthickness of the first slab®. (. Hino, 1959

). Thies dimension defines the size gf the

fragments. TF there remains a compress:.ve wave
after the detachment of the first slab which

noves outward with a momentum entrapped within

its thickness from the original shock wave,
then similar processes are repéated at the
newly produced free face until the intensity
of the remaining compressive wave is reduced
to below the tensile strangth of the rock.

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

1
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and against the inertia of a big mass of rock

previously detached by the shock wave of the
ground.
’ 9]
2.1.3 EBxplosive assessment

G assessing explosives one must bear in mind that the
total energy contained in an explesive, . i.e. raw

‘calculated enerdy, pressure and detonation velocitics are

not good indicators of performance. The term "ideal™ as
applied to axplosives refers to the quality of detonation

and not necessarily the rockbreaking results. Explosives

must detonate at the characi:eriétic VoD in order to

perform ugefyl work. Navertheless oversize boulders and
difficult d:.gginq conditione af’car a blast can not
aaually be ascribed with ‘confidence to poor explosive

-performance unless measurem»anta are made. Possible

problema exper;enced in a blast may includa
- full column deflagration .
- { cable severance prior to detonation
- =  Explosive failure to initiate =
- PFrimer failure to initiate
- _P{ \1n—hale delay and surface delay performance

Explesives may have low or high VOD depending upon the
particle sizes or chemical formulation of the explosive.

The large partiiT e sizes or constituents used in dynanite -

‘leads tm majoriiy of its energy being raleased in'the

secondary reactio) zone which takes place behinil the
primary reaction front. Dynamite therefire has low VODs
(1800 - 2500 m/s). .On the other hand emulsion contains
mainly finely divided constituents. The greater surface
area cf the reactants leads to rapid combustion with most
f its energy being released in the primary reaction zone
as the detonation front moves through the explosive



colunmn and less enexgy bexng rellésed in the seccndary
redction zene behind the aet“natlcn front. Henca for an

Emulsion, stable detﬂnatluﬁ is only achlavedwFt a much

higher veD of apout 5000 to 6000 m/s. As a aczsequence,
emulsions with a high VOD usually “produce finer
fragmentation and greater bhackbrezk due tq:' grea:'i:er shock.

Dynamite and ANFO for nbyioua reagons undergo slow

reaction because of their larger grain size rroducing
less shock energy and greater heave energy (Brinkwann,
1990) . " :

i, ;‘:

2.1.4 ¥ragmentation atialysis

The preblem areas in any _lasting model which is

specifically, rather than comparatively predictive are

- definitioﬁ'of the rock properties

- 4elecklon of the appropriate explosiva performance
indext’ . s ~.

- determination of actual klasting fragmentat;on

The KUZ-RAM Model (Cunningham, 1983) is an empirical
fragmentatiﬂn medel used for estimating Sragmentation,

throw, damage and advance. It is based on Rosin-Rammler
curve and Rutnetsov eguation. ¢.¥ Lownds (1983) also did
an extensive work on the fragmentation model hased on
crack gfﬁwﬁh ‘theory. Tne XUZ-RAM Model shows the

' relatlﬁnship between bhlasting parameters 2nd mean

Eragment #ige. The relevant equations are:
(a) | Rosin~-Rammler equation

"R=exp. - (X /X, )

where
" R = proporzion of material retained on screen
X cm (ﬂass fraction of fragment larger
, than X) '
' X = screen size (fragment size), com
X, = characteristic size or average fragment

.y
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a

size (50 per cent mass paés_inq) . Gerived
- from Kutnetsov. ) -
n = uniformity index, 8.5 - 2.0.

o

{b) Xutnetsov eguation
" x:;,.= A(X )*0-3 QO..l‘iﬁ ( EIE'I‘N -0 633

where
X. = mean size, om

A = Rock hardness index, 1 - 22.
_ K = Powder factor, kg/m?
N g = kg explosive o
E = Relative weight strength of explosive

Epgp = Relative weight strength of TNT

" The XUZ~RAM mo&el has been found tq"f" qive a good

correla.tion where blast:mg results have been assessed '
(Cunninqham, 1991} . Dick et ai 1982, have measured tha
fragmentation from blasting in limestone. using "small
dlameter blag;tnm.a zm} -Their results c:ortelated very c
well with: J&he KUZ~RAM model and agreement was obtained
aver the whole size range. For large scale blasting such

‘ag that conducted by Cunningham (1983) using the
phatoplanimetric tjxchnique for fragmentation assessment,

the KUZ-RAM gives 'xtremely good correlation in the
coarser section of e surve but indicates rather more

- £ines than are given by the plmtagraphic anélysié. Used

as a model predictive tool, the KUZ-RBM model is good for
the application of deriving cost-effective driliing
patterns within a blasting property. The Limitation
however  is the lack of predicstion on overbreak, heave,
toe puliing or other important blasting ﬁconsiderati\ons. _

Fragmentation of rock according to Brinkmann et al (19%0¢)

is affectad pr:i:ncipally_ by four categerias of factors:
rock characteristics (extent of geological and mining

. 15
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induced structural discontinuities), explosive

characterigtics, geological - relationship  between

explosive and burden rock (factors that determine the
powder factor) and dynamic interactions which occur
during millisecond delay firing. They also showed that
fragment size reduces with increasing - explosive
consumption and that the sizes become more uniform toward

smaller sizes as specific energy increases.

g

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 erater. To produce a satisfactory

digging condition the rock mass should be isclated and

\_hrc;ken back to the charge as overburdenxng may result in ]

boulders., Craters produced hy one hole Z should also

ovarlap those produced by the next’ (c;:'a&by, 1981) . Smith

and Ash (1377) in their investigation into how blasthdla

“burden, spacing and hole length affect rock breakage.‘

showed that

- coarser frﬁqmenta’cion resvlted from

) simultaneous firing of. blastholes compared to
“that produced waen holes are delayed. .

- bagt overall breakage results were experienced
when boreholes were delayed using & spacing to
burden ratio of one. .

- as the spacing to burden ratio was incraazed
for a given 1ength/ to burden grgndz.tmn there
was an associatel decrease in the smaller
~@izing fraction.

2.1.% Dragline Productivity

Dragline productivity or performance, acecording to Crosby
(1981) is assessed through its digying time, swell
factox, £ill factor and BCM per production hour, '

*  The digging time is the aspect of the cycle

16
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a

Ideally one expects dragline productlivity to be increased

time which ismainly related to fragmentation.
The digging time repreﬁenta 25%.0f a typical
cycle time.

n .

The swel] factor is the ratio of the material

weight pier loose cubic meter to material
weight per bank cubic meter. Rocks like
sandstonk, shale and limestone usually have
swell t{ictcr vilues between 0.55 and 0.8 in
the hucl{aet deperiding on ‘the size distribttion

‘of the 'fines shd coarse materials, Either

axtreme.‘k all fines or all coayse, does not

give thi} optimum swell factor. In fact, the

optimunm | hms between the extremes depending on

size anh shape. Improvement in the swell

factor s?.iould rasult in:

- nci;-ease of capacity in BCM per work
cycla

- ruducti.an of the haight af ‘the spoil

‘piles .whicH should reduce rehandling

where appl:.cahle.

Fil% fé;ctcr is the ratio of loose cubic nﬁater
o/ the Iigket xating in cubic meters. It

usually veries from 0.4 to 1.1 and depends on.

the ease ,ith which material flow into the

| bucket.

G\-!”

through improved fragmentation with a concomitant
reduction in the overall cost. Crosby et al (1981)
advocates that dragline productwity can he mproved

through

¥

improving fragmentation based on a relatively

low drilling unit cost by improving exﬁlosive‘-

distribution. This is schieved by reducing the
drilling yield (BCM/m). A pragmatic approach

¢ 17




*is to reduce the drilling - pattern with a

‘scaled reduction in the scaled diameter such

that thelpowder factor remains constant and
- increasing explosive enérgy input per BCM.

b

4l‘_i

e

The Drury and Westmaas {1978) study ¢anfixmed“Mackeﬁéieﬁs
argument for reducing total cost by increasing the
klasting cost. The result was better fragmentation which

?increasad;ahdvel loédinq efficiency, reduced maintenance

and repair cost and increased crusher output. Mackenzie
achieved 'a superior "degree of fragmentation® primarily
by using-more energetic or higher strength explcsives,

Lo

2.1.6 Blast monitoring

Vhlocity of detonatlon of explosives {VBD) is an
important parameter in blast monitoring. Brinkmann et al,
1990 hava outiined a nunber of reasons. for maasuring the

'_VGD of explosives. They assert that

¢

i o
i t

- The explosive pressure (the peak pressutre’ siiplicd ke
the borehole walls) in ideal detonation bears a.squara”
rélation to VOD (Refer to equation 2, section 2.1.1).
As the pressure decreases with the squar& of VOD, a
decreased pressure yesults in significant drop-cff in
VOD and hence peak pressure -applied to the borehole
walls. Rock breakage is then jeopardised,

- The detonation stability decreases at VODs below
characteristic values. At characteristic YO,
datonation is at its mogt stable.

~ The meéasurement provide useful information on how .
explosive performance is affected by such fautors as
detonation cord desensitisat;on; water and sludge,
booster size, hole depth and hole diameter. VOD
increases with hole diameter. Below the critical
diameter, detonation will fail to occur. f

-~ Infermation is provided on initiation system

18



_ performance. Actual detonation times are obtained thus
allowing the assessment of both in~holé and surface
delays. . | '
Ground displacement and its effect on cut-offs can
also be ohtained.

High speed filming has been emp%oyad by Ladds et al_d
{1991) in their investigation into the blasting problem
at the ATCOM open cast to check whether misfires detected
- by the iri-hole VOD measurements were caused by surface
"failures of initiation or the in-hole initiation system.
The results revealed failures in the delay element and‘
outnofwaequence firing. i

Rock assessment is a useful tool if meaningful
fragmentation analysis of a blast is to be conducted. The
chksconditions to be considered are dansity,"mechénicalq ‘
'sﬁrength {uniaxial cqompressive and tensile strength),ﬂ’”
elastic properties (Young Hcdulus) and rock . structugrs
ineluding jointing. Explosives cqn and do fragment rock
across joints, but the éxtent of fracturing depends upon
the rock strength, blasting geometry, explosive pressure
and joint quality. ;

2.2 Bpecific aims of the project

In the light of the above, the experimental project is
intended to achieve, inter -alia, the follewing
objectives:

i. To assess dragline diggability as related to
blasting performance. '

2. To guantitatively assess the. explosive
requirement (energy input) for efficient
blasting and hence improved dragline
productivity.

19
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3. To acsess theé_; productivity of the dragline under

-

_ -different blast conditions such as the use of

‘different decking materials and explosives

__ (emulsion) in different formulations.

)

20
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CHAPTER 3
. TEST FACILITY
3.1 voﬁn-z’

VODR~-1 is a continuous velocity of detonation {voDn)
measuring system which works on a time reflectometry
principle with a recofding capability (Vatber, 1990) o
Electrical pulses are transmitted down coaxial cables and
‘reflected at discontinuities in the cable. The time’
interval between the transmisasjion of each pulse and the
reception of its reflection are measured. By repeating
the single pulse measurement a time history of the cable
length is created. This data is used %o generate
processed data. Some of the cable types in normal use are
FS8J¥1-50A coaxial cable and RG-58 coaxial cable with a
minimum cable length of 230m.

sSample intervals as short as 5us can be selected qivihg
a resclution of 30mm at '6000::;}5.__\ A series of sequential
holes can be observed from one cable by looping the cakle
from one hole to the other. It is possible to monitor a
hole of length 70m with this system. The VODR-1 provides
an on-site graphics display and hard . COPY of reccorded
~data both as numerical 1listings and 'I graphics ploi:s.
Figure 3.1 shows a simplified VODR data curve and
illustration of how the curves are interpreted.

VOD measurements are an indispensable tool in blast
monitoring in that they help to assess: '
- stemming performance i.e. selection' of

2l
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Fig 3.1 Typical VOD output with curve mte*pré ation

(After Ladds et al, 1991)

detonation ﬁerformance of explosives. A VOD
less than the characteristic values implies
that some of 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 Jloading, inadequate

. priming, desensitisation due to shook from

carlier fided noles (time scatter effect} and
insufficient bboster size,
ground <¢isplacement and its effect on cut-off

vo22



éan also be determined |
- information on initiation system performance.
Actual detonation times are obtained thus
'allom.m; an assassment of both surface and in-
v kole delays.- c:ompatib;lit,’ of the :.m.t:.ats,or.
system and/or explosive with the blasting
.environment can also be verified. “

“J.’ ¥
kS

3.2 High Speed Camera

The LOCAM II high speed camera is a lémm rotating prism
£y 2 camera usuxlly positioned at a safs vantage point
and using daylight as the sole source of illumination.
Filming is carried out at a speed of 50C frames per
second and this provides a detailed record : of «the

performance of the surface initiation system. The camera
ig usually positioned at the back of each blast hetween .

100 and 400m from the blast. High speed photogragm*g}y
assists in : :

- evaluating blast design alternatives

- identifying the causes of unacceptabi.e blast
results '

- checking wbether the surface initiation system
or Iin~hole initiation system :.s responsible

for misfires = detected by n—hole VoD -

measurements RN
-  checking out-of-sequence firing. i

3.3 Gecphones

A gecphone is a sensor whick feeds information to a
recorder. It consists of a digital recorder in the Form

of a multi-channel high sample rate unit used for close~ -

in seismic measurements. The high sampling rate is
necesgary to cbtain the J:._‘b.quired resolution of the near

field frequency activiiy. Geophones provide useful

23y
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_ L0y _
information on thy overall blast performance and tinming
design. Brinkman et al ( 1990) have frecommended close-in

' se::.sm." monitoring as a ‘means of obtaining the following

ﬂxnfv» “hation:
- averail blast timing éan be determined as
. initiation in each row or hole is detected by
o _ the 1 /arby geophones |

- areas”’ of poor 'blast performance are’ clearly.,

seen as the amplitude dips in the sequence ¢f

seismic wavelets. Wherszs three dimensional

W

B

“monitoring is applied, the. dips can he{'h}

correlated with in-hole measurements thus
allowing assessment of other areas in the

iﬁ-l_mle data iz available.

- by domparing sequential wavelet amplitudes and

durations from close~in seismic %races, it is

possible to detect rows or holes where

overburdening or poor burden vrelief has

i occurred by the existence of abnormally high
amplitudes, _ _ §

0 o ~

2.4 The Dragliine

-
The dragline is a stripping’ machire used mostly for
~ stripping overburden and shallow interburden. There is a

growving tendency towards the use of the dragline as
opposed to-other stripping machines such as shovels and
bucket wheel excavators because of their high production
:rates and versatility. Other reasons for the preferred
use of the dragline include:

~ flexibility in operation or ease of movement IR

- large digging depth capability

~ ability to handle or sta'za‘{ ‘material having poor
~ stability Hf - \

- complete safety from spoil pile slides or pit

24

f)

blzst where poor performance is noted but no

=
.

0



Tty

)
o v
[
Py
[
: .|
Y
e, e

T e
TR
=

Y

-‘:—-\_:r N wel 1 = {_{—.;_:- -

G o W .“ . ) ._ B l“;‘
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.~ high percentage of coal recovery or less coal d@mage
.= low maintenance costa

R

-~ ability to move in any direction

Figure 3.2.is a schematic showing.the major ccr;pcnents of
dragline. Figure 3.3 is a typical dimensional diagram of
a walking dragline, the major dimensions being designatad
by letter identifications. Table 3.1 identities the

terminology for the various dimensions ddgidgnated by the

letter ode in Figure 3.2. Of all these dimensions the
two of zﬁust 1mp ytance are B, sperat'z.ng radius and G,
dunping - hex.ght. These two dimensions describe the

: physical stacking capability of a particular machine. at

0 W

'J/

.

_ Syferfontein Colliery, the draglide is used for both
overburden and interburdan strlpp:l.ng‘ but thisg study is

based on the use of the dragline ih the interburden only
as mentioned earlisr. frhe various digglng mathods: are

disaussed balaw:
I =

2

Fig 3.2 Schematic of Dragline showing major, compan}anta

[
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- Table 3.1 Dragline Dimension

in Figure 3.3
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3.%.3% braglire digging modes

This section discusses the various digying modes of the
dragline. A dragline stripping method is dictated by such .
factors as bank height, the nature of the overburden,
highwall angle and spoil pile angle of repcse as well as -
stability. The dragline dimensions also greatly influence
the stripping method. Although there ave several
stripping methods with many diversifications, this
section emphasises on the main cones: g

- Box pits ¥

- Simple side casting

- Advance Benching

- Exitended Benching

- Pull back method

Box Pits

The first cut used to beéin a new mine is guite often a
box cut. This is necessary to produce an’ initial
nléhwal This pit gets its name from the ﬁgng box like
shape of the completed cut. There are ty}? distinct
mothods of making the box pit- without rehandling
ﬁate?ial, these being (a) End cut and {b) Side cut.

For vary thick overburdens relative to draqllne size,
methoﬁs may be necessary which entail certain quantltles

of rehandling. These methods involve either:

(a) SPailihg on both sides of the box cut, or

{k) First producing a borrow pit on the spoil side of
the box cut.

() BEnd cut

The end ¢ut box pit is produced with the dragline
positioned at the end of the pit. Figure 3.4 shcws a

27
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‘tompared to -hhd'Ldrugliﬁu dimensions. Thus it is possible

THE DRAAGLINE &
wc. ..\.: TS

!"I.g-n:o 3.4 I':Lnn and cross section viw of Box Pit, jena
) cﬁ}t method. .

i:jpical end~ofbox ,pit baeing prodused, Tais rethed is

used in ovnrl:{ den covers that axrs relatively thin

for the maching to spoii all the material to the side
away from the|coal deposit, or to what becomes the
oppusite side J;f the cut from the new highwall. Pigure
2.5 shows that|all the material can be spoiled in this
casa using a ii::i.xm:m dragline swing angle of 90 degrees,
The end cut me‘t:hod has a very favourable dragline swing
angle (maximn; 90 degreas) aspecially when compared with
that of the qj.de cut method. Howaver, the #nd cut method
is restricted to raluﬁ:‘.valy .shallow overburdan
thicknesses because of tha limit on the dragline dmnping;
radius. As the cut increases in dépt:h the waste pile
increases in volune until it can po longer bs spoiled
completely clear of the box pit. ’



i e

L EXFOSED USEL $RA

1y

7

F:f.qure 3.5 Plan and cross secticnal view of Box Pit,
| rehandlie End cut method. ' '

(b} 8ide cut

The side 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 dé,-ﬁth that it is

impogsible ‘for the dragline to use the end cut position.
The side cut position allows the spoil to be dumped at a
greater distance from the pit making it possible to widi'?n

the spoil pile at the mnaximum dJdumping height, das
required. '
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-without rehandle.

lilpic"‘-:sidt 'mat.{nq I
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Appe!.}dix, A1 shows that the swing angle can be increased
th the theoretical maximum of 180 degrees for certain

"parts of the cut. In pi:uctica the highwall side of the

pit would be allowed to laq hahind the near side reducing

the maximpum swing. angla to approximately 130 degrees. .

This is still considerably larger than for t\g end cut
asthod but for thicker overhurdans and this given machine
size, it iz the only way hhe box pit can he pL\oducad

1}

s'g.nplel side casting is the most common stripping méfhnd_ :
and is the most straightforward. This method, or’

aflations of it, can be seen as part of most other

mthods ‘aven in the most complex spoiling sequences.
_Basic_ally the dragline. sits on the overburden surface and

digs down to the coal surface spoiling into a pile at one
side, Appendix A2 illustrates a dragline using the simple
side casting technique. "
There are two.basic  cuts that ma';ke up the simple side
casting method. The first is the key cut. This cut,
illustrated in Appendix A3, is designed to _' excayate a
we;\ge of material, termed the key, at the inside limit of
th

ttiis material, the dragline is positioned directly in

- 1i~e with the key at such a point that the spoil can be
- dumped directly onto the pit floor of the previous cut.

The key cut is the only way to establish a hj.ghWall
slope,

Advance Bonchi:isf;.; 5 “ >

It is not upusual for the simple side casting method to

a0

) complete cut for the particular pit width. To dig
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be médified'-into the advance benching method, This is
done by forming a bench working level for the dragline at
an elevation somewhat lower than the original ground
surface. Such an operation is illustrated in appendix A4.

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

:!raélins support. A level is, therefore selected in the-

bank so that the bearing material is of the reguired
strength. Another use is’ rolling or hilly terrain
where there are frequent ridges or valleys. The advance
benching technigue allows a stabilization of the draglire
working level by cutting:_ thro gh ridges and reducing £ill
regquirements in dep_ressions o a minimunm. :

Extended B nching‘
J

 Extended benahing is the first method so far canaidered

that is specifically designed to include rehandling. This

'rahandling' is necessary to allow the dragline to handle

overburden covers that are beyond its capability using
the previcus methodé This type of situation can develop
for a number of raaaons. Usually the dragline has been
purr:hased sometine previoualy for a shallower overburden

cond:.tion and has been moved to a new locatmcm with -

increased cover. Another situation may be isolated hilly
areas of a property for which it would have been
unecoriomical to design a dragline specifically. Thus the

dragtine is designed fur the average cover and is used in

a rehandle situation in some isolated areas to prevent
the loss of coal that could result if these islands were

‘not taken. Appendix A5 illustrates a typical extended
bench operation. ‘

This bench extension allows the dragline to move out
towayds the spoil thus making it possible to reach the

31,
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're%uired spoil peak. The mnaterial ‘used to make the
extension must bha excavated lat:ez-, this beiny the

designed, rehandla. The material for the extension is dug

from two main locztions, the key or the key and adv&n,;.ad "

bench.

Pull B_lck_ MNethod

The pull " back method is a;: alternative to axtended_
benching when the dragline reach .is insufficient to

handle the required overburden cover without rehandling.
Its use resylts from similar,pit conditions and for

si;nilar raasons as were outlined in the section on

extended benching. A typical pull back operation is
illustratad in Append:.x A6.

0

The pull back method can be adapted using ‘a single

r‘tht'a-g:h"um or ué.ing two draglines. In the latter case both
machines are being assigned a specifig part,of the

operation. The/ mnethkod entails first either side casting

the jinitial cut from the original ground surface or from
.an advance bench. In the pull back method the dragline is

unable to spoi]. alil the overburden clear of the coal. s

a result this matm;lal fills over the coal seam at the
toe of the speil pile and is the material that must ‘be
later rehandled ¢o completely uncover the coal. .

[

#

o
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CHAPTER 4

BLASTING OPERATIONS AT SYFERFONTEIN
COLLIERY

Rock breakKing by drilling and blasting is thdl first phase
of the prod.uctian in most mining operations. Dptimsaticsn

. 0f this process is very important because the

fragmentation obtained in this operation :' affects the

. gosts of the whole group and inter-related minihg-

X 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. Howewir a minimum cost for
breaking rock may not be in the best interest_ of the
overall wmining system. The blasting related problems
usually encountered at Syferfontein Colliery include
production of excessive fines and/or boulders, a table
top effect resulting from misfires, hard toes and
undiggable areas and high vibrational levels. 2 high
proportion of fines indicates excessive use of explosive
consumption which in addition to aescalating cost,
increases the vioclence of the blast unnecessarily
(Brinkmann, 1990). The Table top effect (unfragmented
sections) caused by misfires may be the result of under
utilisation of explosives [low powder factor) and/or poor
blast design. This situation has necessitated secondary
breakage in some cases on the mine. Ejither extrene,
predominantly fines or boulde¥s, is undesirable as it
leads to low dragline productivity in terms of BCM per
hour, low bucket or f£ill factor and longer dQigging
peri&t‘;.. The aforementioned problems justify a critical
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analysis of the existing practice on the mine from design.

perspective as well as fragmentation analysis. This

 chapter therefore briefly reviews blast design as it

w

occurs on the mine and fragmentation assesgmpent using a

model. Figure 4.1 shows the summary of ‘the exiscing
design parameters.

4.1 Review of the cx:!.sf.ing practice (design) on the mine

~ In the sectidns that follow the existing practica on the

mine is reviewed from a design perspective using
empirical relations where appropriate. The Llast design
in quest on is categorised under drilling, blast tle-in
and explos:.ve loading., }'_'_5‘

o

4.1.1 Driliing

Dril-iinq_ in the i_n'terhurdeﬂ botween #4 and #5 seam where
this study is confined, j.'a done using a 250mm vertical
rotary drill. Hele lengths vary between 26.3 and 28n with
an aversge of 27.5m (Tahle 4.1) . However, ‘the length of
the hole is determined by thé stratigraphy of the nuamber
4-seam. The number of holas pésr blast may.vary between 62
and 166. Crest burden varz.ed» from 5 to &m and a toe

" purden of 8.5m is g;act uncommon, As can be seen from Table

4.1, various combinations of apa.cing burden ratio were
used in different blasts. These include 10 % 10.2m, 11 %
10.2m, 11 x 10.57 and 10.5 x.10.5m. As it is the most
important design paranmetar which greatly impacts on
fragmentation and which can be easily varied in the field
for optimum f:agmentation, the discussion that follnws
focuses mainly on the spacz.ng burden ratio.

Burden

o

The selection of the burden is: the most vital decision in

i
4
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___PARAMETERS

1. Drilf Fattern (S x B)

2. Hole Diameter (d)

13, Standard Deviation {w)

t4 HoleLength (H)
i 8, Charge Length {L)

IRock Properties

8. Young Modulus (Y}
7. Rock density

18. Poison ratio '
8. Uniaxial Comp’ssive Strength

10. Rock Mass Description (RMD)
11. Density influence (RC:)

12. Hardness factor

13. Rock Hardness index

Explosive Properiies
14, Powder factor (Kg/ma)

15. Kg Explosive / hole
16. RWS of explosve

17. RWS of TNT
18. Bulk density
Other Parameters
18, Explosive type

20, Decking material
21. Number of Holes /biast

122, Delays

{a) Between rows
iB) in-hole

i 23. Beosters
24, Stemming

25. Crest burden
26, Toe burden
27. Prasplit

Z8. Tleﬂ{l

29, Detaona ar
L._. ¢

o

© 82.5@ 1.15RD

EXISTING PRACTICE:
SRR e e

11X10.5m, 10.86x10.5m.
11X 10.2m, 10x102
z50m
0.3
27 - 28m
18.22m

48
. 2857
0.43-0.44
77 - 88MPa
. 50
14.25
4,18

0.39 - 0.49
1116 - 2004
83.3 @ 1.31 RD

431
1.398 @ 1.31 RD
1,323 @ 1.158D

62 - 168

4218, B7s, 84ms
Top = 52§, Bottom = 500
Top = 500, Bottorn = 500
(170 - 336) xd454kg
5m dill Chlpptngs
5, 8.75, 6im
8 [
3m
V1 configuration

-1 xBD :
_=£

Figure 4. 1 Design Parameters: Existing practice

at Syferfontein Colliery

3

£-8000 (D of 1.31 & 1.14] -
_3 « 5 Alr, Ash &Fuli Cclumn
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" Table 4.1 Drilling data
N '3 \
]
: . ¥ .
BLAST | BLOGK | HOLE HOLE | CREST TOE - | NUMBER
® DATE | NUMBER | DIAMETER | "LENGTH | BURDEM | BURDEN | GF HOLES
) m) ¢m) (m m :
m 2) «ﬁ%' @ ) 18) T <ﬂ g
" l a o E;
i I . . i .
123283 13208100 I}'zso 27 & 8.5 - 184
[ 2612093 | 320887 1280 28 8 8.5 1239 |
| 033193 | 320576 | 250 275 6 85 g7
TO10583 | 320575 | 250 275 8 8.5 114
j 18mm3 | J205e2 | ) 250 275 g 8.5 85
| 25/3/93 { 3053 | 250 ' 27.5 § - 8.5 168 |
| 3033 | 326509 | 250 27 8 85 62,
i ouea3 320510& i 250 215 § 8.8 199/
} oamme3 : 4’ 250 27 5 as 8
1 1em3 250 27.8 5 CBE . L 114
1 1893 250 27 | srs | 85T s o
| 29/6/33 | 250° 83 . 575 . 8%k o ¢ V186
] F 250 1 o : s h |
; AVG 0.00 2ran B 853 122
st | 0.00 028 ‘| o043 | _mos 45
y
i?'l: i
; i:;qﬁ i]
a blast desiygn. The dimensions selected ‘must suit the
charactiristic of the rock being used. This parameter is
chosen so | that satisfactory fragmentation and
displad¢ement jare cbtained. Dubn:.a*s (1964) study of more

g mz.d_;x.nq operations shows that irrespective of
rock m teriai[ explcsive material and initiation system,

(1) as fallofws. . y ) .

B % 0.024d + 0.85 {3)

wif_q‘lp correlation co~efficient of 0.7988.
Applying thifp relation to the Syferfontein operation with

5]
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'mLine, this empirical relation gives a burden ﬁuch that

& o

a hole dizweter of 250mm,’

o
B = 0.024 (250) + 0.85 = 6.9%4m = nm

Henr'e a burden of 10.2 to 10. 5 as used on the mine';
appears to be too much. With such a- large burden, the

‘unit kolume of rock broken increases and fx{ entation

may not be 5ati§facte::y. w:m the other han? t}“’s reduc%d
burden means mote holes and an. increase in drilling cost
per unit volume. A trade-off is required between {’ k;éer

i drilling pattern necesgitating nore explosive input: and
good tragmentatmr_; affording easy dragline diggability.

4]
i| png
gan (1982}, throud; a series of studies, also

Ibcommen‘&s burden in® the range of 20d—35d wzth the

dk:tlmum arcund 25d. that is

where B = Burden in meters and 2 = hole diameter in
mu.llimetres. With a hola diameter of 250mm as used on the

D J\\‘
B = 25 x 250mm = 6.25m.

i

in all certainty this does not deviate very much from the’

value cbtained using Dubnie‘s apprcach and hence eehfirma
the argument that the burden of 10.2.20 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) mz.ght result in
one or more of the following:

{a} Inability of the strain-wave toc fracture over
a greater distance thus preventing efficient
: utilisation of heave energy. High pressure

]
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i Spacing

gases then jet inte a network of slrjrt_: radical
cracks created, ?hich - is inadequatg{' for
efficient --breakage.j- .Hé}gve_ energy is unable to

provide  adequate displacement and  its_
_. ‘asgociated breakage, and this results in a

tight ‘muckpile resisting dragline Bucket
pQHEtratiOp- 3 . ' T %

B, _ _. 7
Explosive gases can bottle up within the blast

hole for a period of time which is longer than
the opbimum, resulting in ground vibrations.
In their effort to escape to_ the atmosphere
these gases are cbliged to stream into, wedge
cpen and extend both natural discontinuities
and sti:uin-wave induced cracks all ‘the way

around the - ‘blasthole, Forward-loaka.ng" |
fissures and cracks Aare not preferentially
extezided. {Forward-;ooking cracks are

éxtended prafergnta.ally in a blast with a

wel i-balanced burden) "

W:.th a much Iarger burden, eygiosion gases
behave A though they are w&rk&ng to only the
horizontal face, i.e. the natural groénd
gurface; the shot becomes a crater blast. The

degree of fracturing, loosening and licss of

cohesion within the strata tends to be
symmetrical about the longltudmal axis bf the
blasthole: This encourages exqassive

cverbreak and faci~loose rock, a situation _

often encountered on the mine.

- o L

Spacing .{SJ an important parameter since it ’"coatrolg
mutual stress effects between holes. This dimesnsion is

dependent. mainly upon the burden, hole depth, relative

1

.__..--—-—' e

o
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prlmer lacatlons between adﬁaaent charge columns and the
delay interval used fuor adjacent chavgss. The sparinq
{8), according to Dubnie (1964}, is related to burden as
fellows: ' '

$ = 0.9B + 0.91 (S5)

=

with correlation co~efficient of 0.86.
)/ . .
Hance frowm equation 74) with burden B of 7, the spacing
is ’

8 =0.9 (7) + 0.91 = 7.21im. N

The spacing ujed on the mineé varies between 10 and 1im,

With such large 3p§gin§, craters due to one hole may fail -

to overlap those produced by the next resulting in toes
and' hence dxfflculty ir digging by the dragline. This
sitvation is not nﬁcommon onf}he mine and is apparently
one of the reasons for fragirentation problems resulting
in low dragline digging efficiency. The spaci ngburder
ratio is diacussed again ufider fragmentat o1 aasesament
using a computer model. k

i

Furthermore wkere the spacing is too large, the rock

between arid just in-front of the blastholes in the back .

row? may be r‘paorly broken. Such so0lid pinnacles on
butvresses could cause relatively low digging
afficiencies, especially at or near grade 1eve17where the
unbroken buttresses wouid be manifested as toes.

The selected spacing, ther.fore, must be a compromise:
large encugh to prevent excessive overlap of overbreak
zones behind adjacent blastholes, but small enough to a
giva relatively even-distributior. of explosive energy in
the rock to be broken and removed.
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Table 4.2 summarises the iteis discussed in this section
about blast tie-in. These include jinitiation, delays”and
bossters. & square drill pattern is used ©n the mine with

tie-in the form of VO can{iguratian (see figure 4.3).
-

BN " . \
X n

Détays .
4
a bas?? requirement of multiple line hlastlng is that a

refletting plane or free face must be provided in front .

W\
:0f each row of holes in drder to pr ewcondltion the rock
"mass of the next row %o detach ori displace it
horizontalily. This requires deiays in the sequenca -of

detonation of blast holes. or groups &f blast holes.’ For

the property helng investigated a A2 ma, 67 wS and 84 ma
delay betweeﬁ’%aws aAre in common use. "shoektube” is used
as a trunklzne and -there are no delay 1ntervals batween

holes as’ such. Crosby.et al (1d81) have found that thé

Ckime 1t tasz for the burden to start to move in a bench
_blast is proportional to the size of the burden. They
advocate ‘that for optimumﬁhlast dlsplacement a sﬂriare

dﬂlay intarval hetween rd of holas ‘should be 5 -~ 7 ns

per meter of burden. o W

o - - gl
Tl.e ? D; = ? = 7 me / mater - (6y

7

For a urden of 10.5 used on the mine, the delay interval
requzrement will be as follows: x

? ‘

D; = 5x10.5ms o 7x10.5ms = 52.5 to 73.5 ms

B3

It can be inferred from the above analysi.: that the 4ims

A

&
ioa )

)

delaf interval used on the wmine is simply inadequate’

considering-the arden used. With such a short delay,
there may be insufficient hor*zontal displacement of the
muckplle, which in turn maans\puckpzle height wxll‘be

Al
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Tabie 4.2 DBlast figdn

BLOCK

SHOCKTUBE

T = Top Charge Firing Time

B £ Bettom Charge Firing Time

L+

FBLAST T 1 SXB TRUNKLINE] DELATS | INHOLE | BOOSTER
DATE | MUMBER By . | (NONEL} | LENGTH |BETWEEN | DELAY | WEIGHT
_ HCASES, m}}HOLES {ms)}  (ms} {gm)
{13 )] (3) . - (5) i6) (Zy . _jo_(8°°
23/2/93 | 3205709 | 10X 102 | Ni=164X12my 4 37X42 | T=525 | 328 X a54g
N o | NZ=184%30m o iB=s00t ] .
2612193 320887 .| 10X102 | Ni=138X1tm| € SOX43 T T=525 | 278 A 4%4p
ﬁﬁﬁﬁﬁ _ | N2=139X30m - 8 = 500
31303 320578 | 10X 102 | N1=97X10m 10 23X47 | T=525 1194 X 454G
3 L h2=87X30m 1. B=300 |
0013553 320575 1 WX 02 | Mi=11aXi0m 5 T2TREZ T T =525 | 228 X 454y
_ __[_N2=114X30m 8 = 500
1872753 320543 | A1 X62 | Ni=85Xi0m 3 17 X482 | 15625 | 170 % 4549
B 7 N2=B5X10 8 = 500 ]
TR 32083 | 1L X102 | N1=168X10m 5 4GX42 | T=500 |36 K dbey
- S Y N2=168X30mi ¢ |- B = 500 .
303 330507 5 11 X102 | N1=62Xi0m 3 X4Z | TE500 {124 A abdg
v N2%62X30m :- Bs500 |
41653 azos)/z“a X105 { Ni=183Ki0m 3 45X37 | T=500"] 300X 454
_ Z R N2=183X30m . o T=5600 |7
DB#3 }%&73 11X705° | Mi=65X10m § 15X67 | B=500 | 130 X 454g
B - 1 N2=85X30m : --' T =500 s
116183 |7 3206786 _| 11X105 | NI=11aX30m| _ 4 BTX42 | T=500 | 228K 454
Ve N2=114X12m), L B = 500
fesaz 1 320685 A1X10.5 m-—-aexau&?/ 8 38 X6k, | T=500 {192 X 454g
_ | Nge86X12m B =500
20F/93 | 420843 | 105X105 | Ni=186X20m| 13 84%a2 | T=500 |332X454g
£ _ > "~ ] N2=188X12mi : | B=500 '
~OBITI93 320622 | 10.5X10,5 | N1=194X30m| & 93X42 | T=500 ;776 XA54q
L N25184X12m - g=500 1 '

ar
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more, blast can be choked, formation will be tight and
the floor will be full of toes. This situation partly

" gontributes to the difficult dragline diggability and
" flence low productivity experienced in a number of blasts.
' It should nonetheless be noted that if the delay interval

is too long, cut-off of the primecord line or in the
extreme case the Aisruption of the explosive column can

£
result. h . .
s

Two types of in-hole delays are in common use on the
aine: top 525ms, bottom 500me in some cases and 500ms
for both top and bottom charges in other cases.
Inveatigation"cf'inrhole delays is best done through

velocity of detonation measurements and this s covered

in chapter 5 under blast monitoring.

4.1.3 | Explosive Loading

_ ‘The explosive loading data has been summarised in Table

4.3 for the blast under conslderation. Two formulations
of emulsion have been used, wviz. eyulsion E-60G0

 (relative density 1.31 g/n?) in sope caéés~and in other

cases gassed emulsion of ralative density 1.i5g/=’. In

effect, Emulsion E-5000 is a heavy ANFO consisting of 60% -

Matrix or Emulsion and 40% ANFO., Powder factors range
from 0.39 to 0.49 kg/w with an average value of
0.45kg/p’. With such powder factors fragmgntatian
problens should not be anticipated but this is hardly the
case.

The high shock energy of an emulsion is alse responsible

for the crushing of rock within the immediate vicinity of

'a borehole thus contributing” to excessive production of

fines. This situation is exacerhated by the® lack of
horizontal displacement of blasted rock which results in
a tight muckpile which offers rqsistancé te bucket
penetration and thus culminates in lov dragline
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Table 4.3 | EXPLOSIVE LOADING DATA

a

.
e

BLAST -| BLOCK | POWDER Kg of CHARGE | RELATIVE © DECKING STEMMtNG"RELATNE BULK ||
DATE | NUMBER! FACTOR | Explosive | LENGTH | DENSITY [MATERIAL] LENGTH | LENGTH | WEIGHT | DENSITY
- (Kalm3) per Hole m (g/m3) {m}  |STRENGTH; (g/cm3)
4] @ @ @) & . (6) M (8) ) (10 (11)
e ' . * } ) . }
23/2/93 | 32095100 048 1471 18 1.3 Ash 3 5 £33 o 1.308
28i2/93 | 320587 0.44 1273.8 . 20 1.3 Ash 4 4 83.3 1.398
03/3/93. | 320576 0.49 1310 195 . 1.3 Ash 4 ' 83.3 §.398
09/3/93 | 320575 0.44 1200,7 - 17.5 13 Ash . 5 5 833 2§ 398
18/3/03 | 320543 0.39 1116.7 175 . 1.3 Ash 5 5 83.3 1.398
2513193 | 320531 0.48 . 1234.3 175 s 1.3 Al 5 5 - 833 1.396
30/3/93 | 320501 | & 643 1289.5 18 1.3 Al 3 5 43.3 1.398
016193 | 3206108 0.45 1265.5 175 1.3 Air 5 5 833 o 1.398
08/6/93 | 320678 0.48 14494 17 1.3 Air 5 5 83.3 ¢ 1.398
11/6/93 | 320676 0.4 12886 185 . 13 Air 5 5 83.3 1.398
18/6/03 | 300655 0.49 2004.7 23 1.15 - - 5 826 1.323
20/6i93 | 320843 0.48 1308.5 213 145 - « - .5 82.5 1.323
ARG 046 138589 18.86 1.28 367 483 |82.166667 | 1.386
STD 4 003 21938 1.75 0.08 1,80 0.37_ 10.2981424 ¢ 0028
o3

|
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prpmzr'tiw.ty The selection of the apprapr:.ate surf‘ace

" delay 1nterval could el:.minate tight muckpiles and as a

consequence improve the dragline digging effic:.ency.

naaki.ng “
8 o )
Deck loading is performed by the mine to counteract the
hard bpanded format ;;ccms of sandstone between which is

sandwiched a soft siltstone layer, and also t. achieve

.qetter vertical energy distribution for a given pwder
factor. Figure 4.3 illustrates a typical section df a
blast hole with deck : . e
S
0 - i \.‘. r
SUBFACE TRUNKLINR
{E~CORG)
TEMMING ' .
8 M = }
® % S(Gm PRIMADET
T e el . TOP CHARGE
T s (E-6000%, .6708G)
gl 2 Pt 424 ¢ RoosTER o
IM = :
H
ARDECK| (.. 250 HOLE
3 ., . '
<t :3'. (23}1}
r . ..5:: Al
o e e DB BOTTOM CHARGE -
AENAL r"‘"‘""*"** (E-6000", BO4KG)
izm 0. T LY
Fore e I _ 454 G BOOSTER
. X h"-.‘;\""'-' L] T STONE ATTACHED
= - ' TO PRIMACORD

S . o

*E~6000 ~-—> 60% Emulsion + 40% ANFO
T

Figure 4.3 Deck loading in = fNizlfgeis

W
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loading. The mine employs eithér ash or air of length

~between 3m to 5m as deck stemming material between the
., top and bottom

ki

#Lcharges. Full column charging has bsen a recent practice

in an attempt to redress fragmentation problems as well
as digging difficulties observed- with the dragline

_opératian. 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
intar%als, 4r not delayed in some gases. In the former
case, initiation is from bottom to top to avoid the upper
part. of the hole being weakened before the lower
explogive column generates its full valocity. ‘Upper
fra&turing creatds an escape route. for the gases which

e’
should remain confined to accoiliﬁh the work of breaking
- and fragmenting. Furthermore

ttom priming results in
better breakage in the area which is the zone of rock
most difficult to break. A 4%4g booster is inserted in
both bottl. and top déck to bring the explosive to
detonation guickly.

&

4.2 Fragmsntation Analysis

Fragmentation dnalysis is one of the major consideratiﬁns

when assessing blast results. Owing to the nature of

-hlaqting and the variation of geological factors it is

difficult to predici /blasting results either prealsely or

consistently.  Any attempt to predict blasting is
handicapped by tweo obstacles, vizs .

- “geological condxtlans which can not eas;ly e

mapped for every hlast, i

- " implsmentation of blasting plans is subject to

the vagaries of day-to-day problems such as

lost holes, short hdies,  inconsistent water

- levels, drilling inaceuracy and cut-offs in

S
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the explosive column.

. s O
Nevertheless there ara reascnable indicators for
assessing blasting effectiveness. These inciude ;

. - B k)
- fragmentation, what percentage oversize 5
- hard toe and undiggable areas necessitating
~ secondary breakage |
- -maltiple profile
-  loading rates"as well as wear rates on bucket
teeth o
- - others such as hackthraw, flyrnck vib%atian
and(gx: hlast.u-lgﬁp
¥While al} of these factors may be termed ‘satiafactary'
or ‘good’ the question still remains, ®Are we blasting

toe heavy or too tight" The relative importance of th:ﬁ

above-mentioned factorg’;; debatable. 2 factor such a
the loading rate- is guite subjective as it is
inextricably linked to the indefinable differences in the
operatorst abllities (Hino, 18%6). This subject

(operators* performance) is covered in Chapter 6 under |

dragline performance analysis. A visual observation of 1

muckpile as a means of assessing blast effectivenass may
resuit in srropecus conclusions. This is evidenced by
the’ earlier studies by Brinkman (1990} where the )
mackpile profile looked very good but a lot of boulders
were observed and difficulty was encountered when digging
commenced. This wmethod, although employed by many
blasters, inevitably underestimates fines and cannot also
determine the buried dlmensians of protruding boulders.
.In the next section empha51s is placed on fragmentation
as a means of asgessing blasting performance through the
use of a model which has been tested and proved as a
" satisfactory predictive tool of klast results.
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4.2.1 Fragmentation Assassment with .hha RUZ-RAH Modal

one of the most important objectives of blasting is to
have re.asonably croc:d fragmentation for a muckpile easily
amenable to shovel loading. Much effort has recently gone
ipto accurately preciicting fragmentation, as the degree

of fragmentaticn of rock affects the performance of

loading, crushing and the overall economics of the mining
operation (Scotf, 1992). Tt is acknowledged that
screening is the only reliabls, accurate and unbiased
method of evaluating fragmentation guantitatively.
Neverthele'_ss givezi the large volume of rock broken pexr

single blast ahead of dragline digging, screening or

. sieving' can not be conducted as a means of assessing

“during millisecond delay firing.

fraqmentat:.cm. The use of a reliable fragmentation model
for predicting blasting results :|.s -hfms justified., Fig
4.4 is a field model J.llustrat:::.ng plasting inpukts and
outputs. The XUZ-RAM nodel (Cunm.ngham, 1983) is an
enpirical fraqmentatlcn mode.l used for estimating
fragmentation. It makes use of the Rosin-Rammler (1933)
cﬁrv’a and Kuznetsov (1973) eguation. C M Lownds did an
extensive work on the fragmentation model based on crack
growth thgorf. In particular it shows the relationship
between blasting parameters: dhd mean fragment alize.

Fragmentation of rock, according to Brinkmann et  al
(1987),” is affected principally by four categories of
factors, viz, rock characteristics é(eittant of geological
and mining induced structural discontinuities), explosive
characteristics,  geological  relationship  between

explosive and burden cock (factors that determine the

powder factor) and dynamic interactions which occur
2

in the KUZ-RAM model,. rock has bheen 'dafine& by a "Rock
factor®, ‘Af, wh:.c:h was recomnended to bhe Qetween 7 ang

12, depending cm the hardness and jomtlng of the rock.

]
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The explgsive perforisance is defined by the density and
‘relative |H wei.ghﬂ'. strength, and substantiation of the
actual fragmentat:.on achieved was Lased on the ava:.lable
pub].ishedl rpsu}.i.s. '

8]

“he relaﬁant equat;ons are

(a) | Rosin+~Rammler equation

'R = exp. ={x/x)" A
iiwhére

' R = proportion of material retained on screen
E . Xem '

(Mass fraction of fragmentd-llarger than X)
X = screen size (fragment size) h
X, = characteristic’ size ur average fragment
size (50 percent maaswpa351nq, derived
_ from Kuznetsov equaticn)
n = Uniformity index, 0.5 - 2.0

{b) - RKuznetsov equatio_n
X, = A(RK) QW (E/Eny) 9o ()

whera ©

¥. = ‘Mean size in Rosin-Rammler equation, cm
A Rock hardness index, 1-22

K = Powder facter, Kg/m’

Q = Kg explosive

A = Relative Weight Strength of explosivs.
Enye = Relative Weight Strength of TNT

The ‘ROCK HARDNESS INDEX, A’ is defined in terms of rock
mass description, density influence and hardness as
followss

19
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a2 VM-"A = (RMD+.RDI + HF) X 0.06 . .  (9)
where L ' _ ‘ N
RMD Rock Hass aescriptinn, ’ Qﬁ
”~& (Friahle = 10 T

b, Massive = 50
) Vertically jointed %= JF*n
_JF a ﬂﬁ%ﬂt Pactor {defined below)
" Depends on drxl] pattern, Jjoint
spacing ' '_ and
. - joint condition. '
; RDI = Densxty influehce
v (RDI = %3 x Derfdity - 50)
_ HF. = Hardness Factor ¢
 {if Y > 50.GPa, HF = ncs;a)
(if Y < 50, Gpa, HF = ¥/3)!
- The joint factor, JF is defined_ps - i
JF = _(JCPF x JPS) + JPA = - (10)
. I R
where : . .
JCF = Joint Condition Factor,
- (Tiqnt = 1, Re‘axed'a 1.5,
°  Gouge filled = 2.0) ©
o 4 0P8 = foint gpacing across Pattern
et (<o im, Ips = 10
" <P, JPS = 80 )
>DP, JPS = 20
. DF, (B x 8)%)
JPA = Jaint Plain Angle factor,?a ]
- ' {pip out -~ 20. |
"% pip in ~ 40. \\‘ ’
| " Dip perp~ 30) e M
¥ o f’ - \'
£ . . L o
| _ . - oo
"¢ in Gpa, Ugf in Mpa, Density in g/co)
A : 51 " I
. T -
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cunninghan (1991) has derived the exponant ot mn.1fc:::'u::i.!st:;.zr'"=
‘n’ in the Rosin-Rammlier” eguation from blasting:
paraneterss o oo
n =_I(2.2—i:i§3fd}) ((1+8/B) /2)% (1-W/B)L/K (11}
- where ‘ _
= Burden, & R
= Spacirng, n ” '
= Hole diameter, i
= Std Dev of drlllinq accuracy, m
= Hole length, m-
= Charge length, m

omE onw

The ﬁniformity axﬁanent ‘n’ of the RG&1n~Rammler

‘expression is more critical below 1, and the normai rdnge

i betweszn 0,75 and 1. 5.

.”.
"

‘Pased on immsureﬁents of fragment size at a vide and

varied number of blasts, the KUZ-RAM wodel has been Loand
to q;ve remarkably: consistent -and reliable results in
both smill- and large-scale blasting operationd. It is
a ugefil tool for predicting“maxlqug fragment size and
also for comparing implications of wvarious blasting
layouts. - Richard et al, 1976 have measured
fragmentation from blasting . in limestone using 22m
blastholes. The correlation was good by any standard and
agreement'was over the whole size range (Figqure 4.5). For
an wverburden blast at an Australian goal mine, Lean and
Paine (1981) showed +that +the KUZ-RAM model gives
extremely good correlation in the coarser segtion'of the
curve but rather indicates more fines than given by
photographic analysis (Figure 4.6}. However accuracy is
generally mora important for the coarse fraction than for

" the fines.

i
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Screen Size, iaches

(Source: Richard et al,. USBY Report on Inv. 7704)
Figure 4.5 Measured Values and KUZ-RAM Prediction of
Mean Fragment Size

To " use the KUZ-RAM nodel for the analysis of
fragmentation at the Syferfontein operation, a
spreadsheet was developed by the author using the input
parameters illustrated in Table 4.4, The iliputs are
categorised under blast design parameters, rock factors
apd explosive properties as these are the major factors
that affest fragmentation. As this project report is
based on the studlies confined to interburden blasting on
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Fg.gure 4.6 Meagured values and KUZ-RAM prediction for’
' fragmentation in limestone. -

%
&

th;z ‘West pank, strips 5 and & where fragméntation N

probléms_ were experienced, each of the twelve blast
{blocks) has been analyzed separately. The cutputs from
the computer are the uniformity index or exporient and the
mean fragment ai?e. AQ\ the principal argument is to

conpare the results of tha various blasts in terms of
fragmentation,the uniformity index and the mean fragment .

size of each blast are shovﬁn on the same Table 4.4. It
can he seen that the uniformity index or exponent of all
the blasts is greatez than 1 and the mean size ranges
from 27.55 to 32.54cm which apparently portrays avnragely
satisf actory results. Nevertheless for apt‘imum
fragmentat:.on and a sufficiently loose muckpile affording
easy penetration of the dragline bucket teeth, the
uniformity index wvalue ;s expected to fall within 1.15 -
1.25, a situation sc:.sx:u:-f:.e‘l “attained from Table 4.4
(Cunningham, 1992b). o

Figures 4.7a 4nd 4.7b illustrate the Rosin-Rammler
fragmentation cuvves based on the input parameters given

54
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Table 4.4 - INPUT PARAMETERS FOR FRAGMENT _ngE ANALYSIS

» KUZRAM MODEL FOR DIFFERENT BLASTS -

B

W

o

3505100 1_B20587 1 ro0B76 . | 300675 | 300848 1320631 1 020901 | 3908108 | 320670 | 320816 | 320663 | 320643 )
10.2 10.2 10.2 102 102 102 10.5 105 18.5 10.5 10.5 10.5
19 10 10 . 10 11 11 «11 " Tt i1 11 10.5
250 .= 250 250 250 250 250 - 250 260 250 250 250 250
0.3 0.3 . 03 0.3 Do 0.3 a3 0.3 0.3 0.3 0.3 03
riy 28 216 215 . 7 278 27 215 | i) 285 2B 266
18 20 19.5 %5 i 17.5 19 17.5 17 .8 23 21.03
18 15 15 15 15 1§ 15 - 15 18 15 15
257 2857 257 2,57 .57 257 2.57 w287 257 257 2.57 257
50 50 59 50 50 50 50 50 50 . 50 50 5D
14.25 14.25 - 14.25 14.25 1425 | 1425 14.25 14.25: 14.25 1425 1425 . 1,.1425
5 5 B 5 i 5 5 5= g 5 5 5 S
4,16 416 418 416 4.16 4.15 4.16 4.16 416 4,10 418 4.16
048 L .44 048 044 0.2 L48 0.43 = 0A5 -G48 0.4 049 048
1179 | 127378 1310 1200.7- ; 11167 12:4.3 12595 1265.9 1449.4 128886 Z004.7 1306.5
83.3 83.3 a3 833 -~ 83,3 83.3 - #3.3 83.2 &2.8 §2.5 825 825
13t 131 3t 131 131 19 131 ™3 131 131 131 131,
1.06 1,13 142 101 | 103 103 114, 152 101 i T3 128
2187 2993 27.58 2966 (.33 27.78 30.53 29.26 2.6 32.64. 20.48 2818
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in Table 4.4. Similar curves for the other blasts are
shown in Appendix B . In principle the curve shows the
percentage passing at the various size fractions
‘equivalent to different scraen sizes. Furthermore the
turve shows the distributions of fines, coarse and mid-
range sizes of each blast. The S-shaped curve gives the
 best distribviion. A typical example is exhibited by
Flgu re 4 7b. _ : e

Einas in this context havé been defined as any size
smaller than 5cm as the dragline bucket finds it well-

) nigh dmpossible to pick up rock of this size. Oversize

with respect to the dragline bucket is defined here as
* glzep larger tbmu 140cm i.e.: one-third the width of the
. dragiine bucket (cunnlﬁghxm, 71993). According to
Cunningham, any'h;asting'opafat¢on contlnually resulting
in sizes greater than 80cm shou’d be reviawed. Against
this backgrcund, sizes in excess of §0cm have also heaen
analyzed from the Rogin-Rammler curve. A summary of the
gercentage fines (-5cm) and oversize (fragment in excess
of 80cm as well as 140cm) for the various blgsts, as
deduced from the Rosin~Rdmmler curva are shown jin Table
4.5, It can be deduced from Table 4.5 Lat the
pereeﬁtage fines pange from 7 to 11 with a mean alua of
9,31% and oversize (>80cm) range from 2 to 18. 3 with a
mean valde of 13.36%, and boulders greater than 140cm
range from 0.2 to 4.5% with a mean value of 2.07%. The

results of the fragmentation analysis are discussed,

below.

i

4.2.2 Discussion of results

"l studgibf Téple-4.S?revealsﬁuniformity index ‘n’ values
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 1.5 with an average around 1.

3



‘I‘able 4 % Percert Fines and. overslze Dedm:ed from
Rosin-Rammier Curve '
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! g larseazies 7-11 ) 07-45 | s.1ag

AT

Theretore the range of -1.01 tcf 1.31 observed in this
study appears satisfactory. It is noteworthy that values
of” *nt helow 0.75 . repregent a situation of ‘dust and
boulders' which if it occurs on a wide scale in practice,
indicaties that the rock conditions are ot conducive to
contrcl of fragmentation through changes in blasting.
Variations in the ﬁniformity index are more gritical o
oversize and fines for values below 1. For n\_l= 1.5 and
higher, muckpile texture does not changse much%nd errors
in judgement are less punitive. As seen in the previous
section optimum fragmentation and sufficiently loose
muckpile affording easy penetration of t\‘}xe dragline
bucket teeth is achievable if the um.form:.ty ;Lndex falls
within 1.15 and 1.,25.

iZe

As mentioned earlier, percentage fines range from 7 te 11
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with a mean value ofug 21%. A large parcentage af fines .
indicate excessive use of explosive, This'same situation
may lead to low £ill factors or bucket factord 'of _the
dragline. However a mean value of Ei;.31% is  not
sufficient to warrant much attention. . Furthermore

'handling of fines as such does not noma ly pose a

problem for the mine.

The proportion of boulders in excess of 340cm  vanges
from 0.2 to 4.5%. This indicates that there is virtualily
ng oversize per se with respect;to the dragline bucket
(75m%) Hevertheleis boulders in excess of sdcm. range

. from 8 to .48.8% with a mean of 13.36% and calls for

concern. With on -average more than 10% oversize i.e.

greater than Sccm uncovered by the moc(#l it is wortb--""

reviewing the blasting cperation. The ‘Table Top sffect!
or éom__pletely unfragmented section which was encountered
on two occasicus confirms this argument. These ogcasions
obviously called for secondary breakage. The reasons for
the occurrence ¢f the *Table Top efféqt' are explained in
the next chapfer.

The mesn fragment size ranges from 27.55 to 32.54cm.
This measurement, although giving a rough idea of the

“entire fragmentation in guantitative terms it does not

have any practical significance as such. One of the
inportant attributes of the KUZ-RAM modael is its use in
analyzing the effect of some major variables that affect

fragmentation. This is the subject of the next section.

1

4.2.3 Sensitivity analysis

IR

o)

There area host of factors, ranging from rock factors
through design to explosive factors, that affecr the
fragmentation of rock. Since the hurden spacing ratio
and powder factor are the major facters which can bhe
eagi’ig-' varied on gite, sensitiwity analysis using the:
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model havé been copductéd on ;ﬁfw, “The !"results" ot
varying thne spacing burden ratio % ] wder factor are

given in Tables 4.5 and 4.7.

Teble 48 SENSITITY ANALYSIS

-= BURDEN 1 SPACING RATIO -

P

y

GO

BPACHIG L 1100, . 1080, {0001 CENT = X 000
BUNTEN - - !
114 7.33% ]
G504 10.5%11 (408081 - . - - . i -
f 1971 1.16 5 {
10,001 1011 10%10.5 10X10 - - -} -
_ . 1.217 119 1.18 T 118 - o
: €501 9.5x11 | 9.5%10.5 17 8.5XIC | Ex05 - - -
f 7.24] © 1.23 127 1.20 1.18! N
: 8.007  Sxt1 ! 9105 9X 10 $x9.5 oxg | - .
1.28] - #28 (.;-g.zﬁg 1.23 1.21 1.20
8508 8501t | 8.5¢105 | 285430 + B50E | 850 | BEx8S . 1
1.321 1.30 1.29} 1.27, 1.25 1.23 1.23
8.00F  Bx11 Bx10.5 X1 Bx9.5 8y 8x8.5 Bx8 |
Y . 1.36 1.34 1.331 - 1,27 1.28} £% 1.27
7.50% 7.8x41 ) 7.5x10.5 | 7.5Xi0 | 7.549.5 i 7.5x§ 7.5x535 7.5x8
1417 - 1.39 137 7438 O 1.33 31 1.31
7004 7x11 3. 7xid8 7X10 7x%.5 7x8 Ix85 1 7x8
* Tep Right hand romer figures tefer to uniformity
index [n valiss)
Table 4,7 SENSITIVITY ANALYSIS
- PDWDER FACTOR -
|[FOWDER | MEAN [OVERSIZE [OVERSIZE,
FACTOR [SIZE {Xm} % > 40cm %% a80sm
fiaim3) | femy - s :
048 | z7.48 0.08 4.09
0.48 | 27.9% 0.10 . 5.34
047 28.38 ¢ 571
0.45 28.87 13 - 648
0.45 29.38 £18 ' 8.52 .
0.44 25,92 .18 897
.43 30.47 £.21 " 744
0.42 31.03 0.25 7.95 o
0.41 31,68 0.2 8.50
©0.4C 32,20 0,34 $07
- 0.3% 32,85 0.4 8,68
y  0.38 33,64 0.47 10,34 a
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_ The uniformity exponent is the output of such an anai"}'sis
i or index of measurement. The s_ub-j'ac"t_:s of burden and
spacing have been discussed earlier in Sections 4.2.1 and
4.2.2 respectively whén revxewmg the existmg pract:.ce
on the mine ami are considered here again .

It can be seen from Table 4.6 that thel_ varicus
combinations of burden and spacing give uniformity
jindices ranging from 1.13 to 1.41, However, as mentioned
edrlier, to optimise fragmentation and muckpile
displacement (the two basic necessities for efficient
drayliine opex:ation) ; the uniformity index should not'fall
below 1 and sractically be restricted to 1.15 to 1.25.
Therefore, to balante the competing priorities of the
echnomics of ,drilliﬁg and blasting on one hand and good
fragfﬁéntation ‘affording easy bucket penetration on the
other, a burden and spacing of 8,5 x 9.5m givipg a
uniformity index of 1.23 is recommendable. This supports
the pattern arrived at using the empirical relation given
by eguation {3) and (&) ahove. A critical examination of
Pable 4.6 reveals that the existing ,,att:ern an the mine,
"wiz 10.5 x 10.5m, 10.5 X 1lm and 10 x 10.2m, g:.ve-s
corresponding indices of 1.13%, 1.14 and 1.14" respectxvely
all of which fall outside the practical optimum. This
reinforces the conclusion that with this burden spacing
) ratio, the prohlem of fragmentation can be expected and.
K in fact does exist. "
The percentage oversize (>80cmj and mesn sizes at various
powder factors are shown in Table 4.7. A powder factor
of 0.49kg/m® is the best Ffrom the results shown.
Nevertheless from economic considerations a powder factor
of 0'.45'kg/m3 which represents the average for the blasts
considered under this project _can give egually
satisfactory results. Such pawder factors {Table 4.4}
employed by the mine should net give fragmentat:.on
problems. Contrary to expectation few blasting problems
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such as ' the tahle top effect nea.essitating secandary
breakage with ‘its assaciated unhadgeted costs as well as

‘low dragline digging efficiencies, have heen encountered

in certain blasts, Apparently the gains to be expected

from higher powder factors are negated by using larger

drill patternms. As a consequence certain blasts were
wonitored to assess the r.ause of fragmentation problems
and this is the issue in 'Ehe next: chapter. _ ’
4.4 . Busmary of cmptor : "7)';-""-

. ﬁ _

The existing pra)i:tice (design) on the mine has been

critically reviewed and empirical relations used where
approprlata. E‘ragmentation has been assessed through a
model and sensitivity analysis has been conducted on key
varlables that affect f::;aqment:ation.b_ The fallow:.ng
results are quite evident:

- The burden and spacing used on the mine are

~ incompatible with the hole diamester (a major
determinant of burden and spaci:__ng ratio) and -
appears to be too wuch. A burden-spacing -

ratio of 8.5 x 9.5m has been recommended
‘which, to all intents and purposes, will

mininise the damaging ‘effects of using an_

excessive pattern and yet achieve, at lowest
cost, the requ:l.red breakage, displacement and
muckpile looseness for an efficient dlgging
operation of the dragline.

- The 42ms and 67ms delay interval used between
~ rows do not practically conform to the
exi sting drill pattern. However with the
recommended new drill pattern (8.5 x 9. 5m), an
S4ms delay is appropriate ald the statub guo
mast be maintained if the new drill pnttern is

to be used,

N " | J,!’J;"
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Rammler model for all blasts investigated is

greater than 1 and henz;e falls w:gthlq the,

normal range, of 0.75 to-1.5. Nevertheless
gptimum R - racjméntat ion and ruckpile

' displacwmen* s a.cm.evable if the index falls
“within 1.15 to 1.25 and this condition is

satlsfled by the drzll patfern rﬁcamended
above. > v “

u -

0 : o

W1th the reeommended drxll pattarn a pcswaer
_factor of 0. 45kgjm is apprnprmte and wil¥ not

]ecpardlae fragmentat_on. "This cwili yield
corresponding percentage oversize in excess
of 8fcm or_6.52%, a sityation which van be
handled by the dragline without much problems.

Lrl
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BLAST :'_Mommma

The cost of drillyng andg hlaéting forms a significant .

part of the oOverall mining costs ang it is therefore
important that the ma(ai:‘ effici,ant use ke mnade of

enploslves for maximxslng :. nfitabilxtyt 2 Often when poor

hlasta.ng results ocour the tendency i ta increasa

drillirg and explosives use because the real caube of the

problem is not known. - This is usually done

‘subconsciously wheve high powder factors compensate for

problens related to the ';mz-fc:rmance ‘of the explosives and
initiation system or poor Mast design. As mentim&ec‘{ in
the previous c:hap’cer, very larqe boulders and pp;tions of
completely, unfragmented rock’ (table top effect) wvere
encountersd during the interburden blast at Syferfontein
colliery. This wusually hinders the dragline
productivity, an inimical situation the mine cannot

- afford te ar-a:ommodate. It was therefore 1mperat:.ve to

monitor certain blast& in order to address performance
related problems, and fas a bonusg, to practwally and cost
effectively optimise blast results. Veloc:.ty of
detonation (VOD) measurement forms a significant part of

this monitoring exercise. High speed photography .

measurement was also done to complement the results of
VoD measuz-ement- .~ This m:mitor:.ng forms part of the
optimisation work on blasting launched by the mine as a

continucus programms o maximise profitability and

efficiency in the Jdrill and blast operation.

The objectives of this-monitoring progranme as covered in
this chapter are therefure:
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- To assess the in-situ performance ol

explosives & as related to the explcsive
gquality.

- +« Mo vecrify the performance ~f the initiation

systom in terms of timing accuracy and
reliability and its effect on overall blasting
performance such as fragmentation. |
fﬁg:ﬂi?haxgb assess the in-hole as well as surfacs delay
erformances., "
- To check the sequence of hoies firing in a
row, i.e. effects of out-of-sequence firing of
holes connected to a surface trunk}}neﬂ
- To Getermine the effects of decki
decking material on fragmentation.
- To assas8s8 -the performance Uf full column
charge as opposed to deck charging.

In this chapter, the studies have been categorised under
three different sceparios' and are presented as
abbreviated. cases. It covers such topics as deck
performance _éssessment, sequentiél firing analyses
through high speed photography and impact of full column
charge on fragmentalion. It must be reiterated that VoD
measurements form the central gpreﬁdﬁ;this monitoring
exercise. Although a model has been ué;;iin the previous
chapter to assess fragmentation, the real causes of

blasting~related problems are | uncevered  through

physically monitoring the kblast, a subject given much
attention in this chapter.

5.1 Blast Monitoring : Deck Psrformance Trials

Two separate blasts were monitored 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
fragmentation. The explosive used vas Doped Emulsion ‘of
relative density 1.31. Decking was of concern to the
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mine because of a soft shale ldyar, (% nmeters thicx)

sﬁndw1ched between two hard satdstone 1ayer5. Less

energy is there/fare needed in thiz layer. which was

. hitherto accom zlshed by reducing the expleosive lead per
hole. A deckin/y material was placed in the centre of the
sHale, leaving the narder sandstone layers at the top and

the bottom of the hole in contact with the expipsiv &

Mgﬂitoring was _done by measuring the VODs of ‘the
explosive of both the top and bottom charges.

S.1.1 Instrumentation

The VODs of the explosive in the blasts were measured ‘in
situ! using a VODR-1 VOD recorder. Coaxial sensor .ables
were used, looping the cable from one hole to the next
(Flgure 5.1). Fourteen holes were monltored (nina holes
for the blast on i0/3/93 and five holes for blast on
18/3/93) using RG-88 coaxial cable. Different stemming
materials were used, consisting of crushed stome, coal

ash and air bags. The position of the deck in these six "

holes was kapt»w1Lh1n the shale layer as shown in Figure

o
b

Ta V00O
ragorder

Coaxjal Cably “Firlng Order

I

/

¥igure 5.1 Schematic Showing voD Monitoring andmcnhlé
Installation B
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Fig 5.2 A dlagram showing the position of desk load in
holes monitored for VOD. '

5.1.2 Results

The results of the VOD measurements are summarised in
Table 5,1. Also shown in the Table is the precise firing
time of hoth the top and hottom deck deduced from the VOD
+races which allows the assessment of the i--hole delay.

'For interpretation of VOD trace, refer to figure 3.1. A

guick glance at the table reveals that all the holes
exsapt ‘hole 8 on block 320575 saw VODs below
characteristic values. This is a clear manifestation of
the unsatisfactcry performnace resulting from poor
judgerent or fallure to wensitise the product.
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Concern is warranted when the VODs fakl below the
characteristic rang inda‘.f:ating that sobe qf. ti:.e

inqrediehts are- no_t reacting at all. 'Th%s _cculd be

attributable to a‘ hpst of rfactors including borehole

i

. water, poor mixing or loading of

Takle 5.1 VOD Measurements: Decked. holes
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explosive, density, -Jinadequate priming or desensitisation

dite to shock from earlier firing holes (Ladds et al.,

1992). A moré adequate exﬁalanatlcm could probably lie in
the quality of the exploswen because the necessary
precautions w.a.th regard to load:.ng and priming were
. taken. Nevertheless further experlmentatlon {more
menxtor:.ng) was warranted. More blasts vere therefore

nzaﬁltoredu the results cof which will be seen in the

eubsequent sections {see Bection 5.3 and 5.4}. W{}th VODs
ape.i.aw tha characterlstlc values, the explosive reaction
praceeds abnormally, detonation becomes unstable and the

_secondary reection k. nd the detonation’ fror_;t may not

reach completion and as a consequencé energy output drops
drastically. It is quite ( ' logical to expect that

fragmentation would ke 3eopardise<i with susck low VODs.
Contrary to expect@tmn fragmentation was epparently goond
by tne _v:.eual assessment. N Many _d:.fferent ' plaus:.ble __
arguments could be advanced to explain these findings.
This issue is therefore given further consideration i.n_f '
the next chapter where dragline di.qgablllty is critically,
assessed and related to fragmentation as a surface viewﬁ

-of the muckpile can be’ misleading. Rlso seen from the

. table are initiation relat ted problems. This is well

illuetrated in Figure 5.3, For instance sympathetic
detonation of the top deck with the bottom deck occurred
in hole ﬂl as can be seen from the VOD trace in Figure
5.4a. In holes 7 and 9 intsrference ocuarred with the
cable with the result that no VODs were recorded.

For the blast moritored on 18/3/93 (Block 320543), the
" top charge fired befora the bottom for all of the five

holes monitored. Furthermore only hole 2 fired_ at

characteristic VOD. Figure 5.5 1is a graphical
pregentation of the results. Figure 5.4a and b are the

VoD tf'acee illustraiing the top firing before the hotton
although t::uned to initiate the reverse. The most
plausible explanation for such an sccurrence night beé

¢
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either fregquent failure of the bottom units or timing.
problems where the top 525 ms units are Firing befgre the

__bottom 500 ms units. The boulders- and difficuit

. VOD (1000) m/s
.
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digging observed in !:his area were nct unexpected; This.
prompted an investié;ation into the initiation syétem-
performance in terms of timing ..accm(i:acy. This is dealt

with in Section 5.4. ¥No maa;‘lianul gonclusions could be
drawn rvegarding the performance of the varicus decking
materiais as virtually all the charges fired at . VODs
conside]*ahly lower than the characteristic range. This
situation could drastically atfect fragmentatlon results.
Top cha._:r:ge firing before bottom charge for the hlast
monitored on 18/3/93 exacerbates the problem and would

~ make any conclusions suspact.

5.2 Blast Monitoring : Holes Firing Baqumwi

A blast vas monitored at Syferfontein or 26 March 1993 to
determine the saquence of holes firing in a row. The ain
was to test, through high " speed photogiaphy, the
reliability of the Y42 ms delay bétwegn rows and the
effects of outTof-aequence £ ifing of hdles connected to
a sarface trunic:line. Some areas which werse not monitored
by the VOD recorder were also assessed ds:.ng the high
speed film. The use of h:l.gh—speed photography in blast
avaluation, blast design and field control has been well

established' Blaz.r {1960), Potel (1961), Chunk et al.

(1975) and Chiapetta et al. (1983). As a diagnostic
field tool, the data obtained from high speed photography

for use in blast evaluation, blast design, and improving

productivity are useful for determining ( Chiapetta et al.

1983): v
- cause of misfires
- poor loading practices and peor firing
practices
- effects of redrills, water, gas ventlng and
buifers

-  proper delay interval hetween holes and rows

of holes’to obtain adequate forward burden

relief
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- optimum iritiation system N
- | massi&e ground movement ) o, -t
- source of oversize and explosive efficiency
- optxmum/ﬁgast of traqpented material and
muckplle profile -
- optimum exp1951ve « rock hnrdeh combination. -
) - _ o -
For the monitoring exercise in gquestion,; E-cord flares
were used on each hole to visuallgffdhow when the
explosives in the top of the hole detonated. . These

flares were approximately one meter into the explosive .

charge in the top deck of every blast hole and werxe
standing 1.5 meters high above surface. VOD was also

monitored for 4 holes to assess the performance of the

explosive. The blast was charged with_ ungassed E-6000 in
two dgcks in eacli;borehole. ' Decking of 4 meters was done
using gas bags approximately 10 meters from the bottom of

the hole. A typical cross-section through such a

blasthole is as shown in figure 4.3.

o

i

5.2.1 = Instrumentation

The blast was filmed ﬁsing&a LOCAM IX high speed camera
set at 500 framea per gecond, giving a time resalutlnn of
2ms and  thus %rGV1d1ng a detailed record of the

nerfornpance of the surface initiation system. The cameras~
was located 300m from the blast. The VODs were measufed$

using a VODR~1 VOD recorder with FSJI-50A coaxial cable
léapad batween 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 initiateq,
but reached full speed after the initiation of row 12 on
the blast. Delay times of the first "12 rows could

‘therefore not be determined accurately.

5.2.2. Discussipn of Results o

;7
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The delay times méasured for rows 13 to 32 are given in
Table 5.2,  The spread of delay times of the 42ms relays
is shown in Figure 5.7. Such a wide variation (scatter

"

- range of 10 ms) places a guestion mark of the acéuracy of

5

~ the the 42 ms surface deiéy. Flashes of the flares could

only e seen in eight of.the rows in tne southern portion
of the blast. The sequence in which the flares ignited

is shown in ZFable 5.3. - The vesults of the VOD.

measurenents ars also pfesented in Table 5.1. i
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Tab}.L 5.2 Firing Téwes pf 42 ms NTD Relays

N
i ROW | DELAY ! “ROW DELAY
{ms) '  ms)
13 34 53 |
14 | 34 o 24 9
15 | 38 | o5 36 |
16 1 38 25 : 4z, |
17 44 o7 A6
18 40 28 . 42
19 | 38 28 - a8
20 40 30 o 44
21 36 31 " 40
22 38 32 40
RANGE __ =10
MEAN DELAY . =389
| STD i 28 4

* Row 23 was skipped and the firing tims .
between Rows 22 and 24 was 40 ms.

Fig 5.7 Belaycrange of 42ms NTD
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Figure 5.8 11 uatrates graphically the VOD measuvred in
\1ncth top ahd bottom charges a?d +he parformance related
‘problems. - N 3 N : 8
The delay times determined with the high speed camera
showed no trunklines detonating -out of seqﬁence. The.
only problenm exnerlenced.waﬁ the failure of the trunkline
in rov 22, T“C élay time between rows 22 and 24 was
measurds at 40 ms, indicating the possibildty that the
trunkiie in ro&;ﬁB was not tied ir at all. :

:The sequence ln’whlch the flares detonated is given in
Tapble 5.3. Unﬁortunately, thé: £lashes of the Flares of
only e;ght of the rows could bﬁ seen clearly, due’to the
amount’ of dnst caused by the ignited trunklines and
‘stemming ejiction on the hlaQt. The flareg_:gr this
portion of the blast.wern tied 1.5 n hlgh, nmaking them.
vidible abave the" duwt. - T

F

[ !"‘

“Table 5.3 .éeqﬁénae of Holes Firing in a Row
_ROW | 2 3 a1
f i}
18 1 - 1. 4 -
19 1 2 4 ’
20 1 a3 |y
21 1;2 3 4
22 2.3 1 4
o o 1 2 |
25 2 3 1 . "
i} T 26 1 2 3 5
| o

. ]
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In three cut of the eight rows iss%) the flares did.not

; AL A
- ignite in seguence, The txme difference between the
flares igniting was 10 me in the worst case. Such a

scenario (out-of-baquence firing} can easmlx result in
peor blast performance. The difference in timing also
_indicates a questionable performance -in terms of the
‘accuracy of thé- EBSA MS-delay units down‘the hole.

ancther interesting feature of the blast was 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
adjarent to this row. It was in this area that a table
+top. effeet was seen after the blast. In five of the
holes in this area, the un-ignited E~cord flares were

seen after thé;blast, ind: ating that the fop of the

explosive cnludn was not in centact with the E~cord.
Thig could hav¢ heen caussd by no detonation of the
explosives or no . explosives in the deck or slumping of
tha explosives. The latier could have bsen caused by
slippiné of the gas bags used for decking and is
considered to be the most likely explanation.

of concern also was the instantaneous detonation of the
eiﬁlosives in hole 2 in row 2 when the trunkline was
initiated. This could have been caused by the detonator
failing or by the trunkline initiating the E-cord flare
which detonated the explosives. The latter is the more
likely mcenaris. In this section of the blast the E-cord

flares were initially atiached to the booster in the top

deck of the hole. This was changed and the possibility
exists that this one was overlaoked, smnce E~6§000 is not
known to be cord sensitive. 'ﬂl !

The detenation af row 5 hole 5 in the back of the bench
on the northern side of the blast had most of its enérqy
lost in the air because of a blow out. This was caused
by the overburdening of this hole because of cracks in

a
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that northern side of the bench. No other blew out holes
were observed in this portion of the blast. The effect

of effective stemmmq was observed in this section of the

blast, where no stemms: ng ejection but good swelling was

okserved.

Because of the overburdening of holes from row 24 -

- onwards, caused by the failure in row 23, this portion of

the blast was choked and produced a number of blow out -

holes. Stemming ejection on two holes of the blast
occurred 1620 ms after the stemming ejection of the la=zt
hole on the blast. The late firing of the last two holes .
could be attributed to the late firing of the detonator.
These holes were both in the back row of the bench. The
specific location of these holes could not ‘be
established, nor could this ogcurrence be adeguately .
explained although excessive confinement 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 very low (less than 21000 n/s) whereas the

: charactg_t;";ﬁtic VoD is within the range of 43500 to 5000

m/s. Such low VOIs encountered during the thira instance

of blast monitoring justified critical investigation into '
t'he quality of the exploslva (Emulsiocn E-6000, RD of
1. 31) being used. ) The other key paint is that no VODs _ﬁ
were recorded for ! the top charges of holes 1, 3 and 4

owing to cable severance and/or misfires in the hple.

Figure 5.9 is a VOD trace of hole 1.

' What is of interest is the event in hole 2 in which the "
bottom primer initiated the explosives, but low oxder
detondbion occurred until the top primer fired after:
which proper detonation followed. This is evident from
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Figure 5.9: Signal Tracs from vonk-lbshowiug bottom
Deflagration and Top failure dye tg cable severancs.
No VODs were recorded far the top charges of holes 1,
3 and 4 owing to cable severance and/or misfires. |

the VOD trace in Figure 5.10. Two possible reasons for
this are given (Ladds et al., 1991); the first is that
the explosives in the primer region may have been above
or close to critical density resultlng in reducead
PXPIOSlVE sensitivity. Altqrnatlvely, §cattar in timing
of the in-hole delays mag have resulted in heoles on
either side of the hole in guestion firing slightly
earlier and disrupting part of the explosive column thus

inhibiting proper detonation. This is thought tc be a

likely scenario as the low order VOD appeared to remain
constant for a long distance without notable increase as
would be expected if densities were decreasing up the

hole., ‘The fact that 21 out of 24 explosive charges
{87.5%) fired below the characteristic VOD and also that

erratic detonation results were observed gave a good base

8i
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from which to analyze the results. Furthermors, as no

meaningful conclus;ons could be drawn fram the decking
performance analyais ‘and  for the _f%ct that other

perférmance related problenms had been encountered for the

3 blasts separately monitored, it was decided to monitor
full column blasts (without decking) with the explosive

gassed to a density of 1.18 or less. The next section
discusses this monitoring programme.
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Figure 5.190 'VOB:Wraca showing B»ttom chargn‘narlagration
: and Top Datanaticq
|
b .
5.3 Blast Hanit7ping: ¥*ull Col$mn Charge

«2) detaxl the report of
rfontein Mine in decking
Table 6.1 on VODs certhinly dramatige the fact
that the explosive {Emulsion E-G@OO, density of 1.31) was

The previous ssctions (5.1 and j

the VOD measurements of the syf
trials.

i
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de‘_i:onating ‘below the characteristic VOD, a situation
“which in most instances gives rise to fragmentation

problems., It was therefore decided to (a) gas the
explosive to a density of 1.15 or less and (b) conduct a
fﬁll column charge {without decking) and to monitor the
performance of such a blast, These tests were done to .
characterise the products in the Syferfontein environuent
and to fine tune the blasting operation on the mine.
Three blasts were monitored with full column E-6000

pi'oduct. 'I'h::.s section details the VOD results measured

on these hlasts*
5.3.1 Instrumentation

The VODs were meagured using the VODRL VOD recorder with
FSII-50A coaxial cable looped between the holes for the

£irst blast monitored on 8/6/93 (Block 320678). The

product that was used was in twe different formulations;
Enulsion E-6000 of density 1.31 in 6 holes and gassed’:
emilsion E-5000 of density of 1.65 c’iiiiass in 4 holes.
Figure 5.11 shows the blast tie-in for’ the other two
blasts monitored on 18/6/93 and 8/7/93 in wivlch case the
densita.es " of the explosives were 1.12 and " 1.18
respectively. :

5.3.2 piscussion of Results

Table 5.4 shows the results of the VOD measurements in
quéstion. As is to be expected low VODs (below
characteristic values) were recorded in all the holes
charged with E~6000 density 1.31 for the blast moni’cared
on 8/6/93 {Figure 5.12). " On the contrary VODs of all
holes charged with E~6000 (density 1.05) were fired
within the characteristic range. Figures 5.13a and b
give the raw data trace for two of these holes; one
charged with E-6000 of density 1.31 and the other two

with E-6000 of density 1.05 or less. This reinforces the
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T BLAST BLOGK ] EXPLOSWE HOLE | MEASURED | GHAR.VOD
b - DATE NUMSER- DENSITY NUMBER VOD (n/s) {mis) -
(1) {2) {3) {4) i5) {8)
- 1.31 1 715 4300 - SO00
1.31 3 451 - 4500 - 5000
e = . 1.31 4 488 4500 - 5000
o 134 6 923 4500 - 5000
8603 320678 1.31 g 540 4500 - 5003
1.3% 9 860 ABO0" 5000
1.08 2 5351 4700 - 600C
1.03 5 5118 4700 - 8OO0
104 7 5359 4700 - 600D
1.08 10 5064 | 47006000
. - o112 1 5404 4700 - 8000
18/6/9% 320665 142 2 5304 | 4700-6000
) : .12 3 5737 4700 - 5000
112 5 704 4700 - 5000
45 T . 1 4700-6000
31 2 L4825 4700 - £900
S 115 3 5212 4700 - GOCO
18/8/93 . 320621 1.15 4 4851 , 4700 - 6000
: . 111 5 5642 4700 - 8000
1.1 5 5550 4700 - 6000
. 18 7 5305 - | 4700-6000}
1.15 8 5575 4700 - 6000
Table 5,4 VOP Measurement: Full Column Charge
- : .
'
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.:‘f_‘_j conclusion that the use of E-6000 explosive of denéity
1.31  is inappropriate and should be discontinued.
Emulsion E-5000 of densities 1.12 to 1.15 were also
experimented in two separate blasts (Block 320665 and
320621) and in all except two cases, detonated at
characteristic VOD (see Figure 13). At churacteristic
voD, detonation is a®t its most stable. Thus the dengity
dependency factor of emulsion ﬁ)-6000 is evident. As
mentioned earlier E-4000 is a weater resistant product
consisting of 60% Matrix or Emulsion and 46% ANFO.
Earlier investigation by Br:.nkman (1990) reveals that the
large partzcle sizes of the ‘constituents in ANFO lead t.u '
a. majority of the energy being released in the secondary
reaction 2zone which takes place behind the primary
detonation front. On the other hand, emulsions contain -
mainiy finely divided ¢onstituents. The greater surface
area of the reactants leads to rapid combustion with most
of the enerdy being released as the detonation front
moves through the explosive charge and less energy being
releseed in the secondary reaction 2zone behind the
detonation front. This accounts for the high VoD of
Emulsion. The combination of Emulsion and ANFC (heavy
ANFD‘? such as E-6000 giving some degree“ of heave and
"shock energy has been found to perform well in the
Syferfontein enviromment as opposed to bulk Emulsion
(100% Emulsion). Delay performance is evaluated in the
next section, '

5.4 " Delay Amssesament

The performance of the initiation system in terms of
timing accuracy and reliability gan affect overall blast
results. Tablers § .52 and 5.5b are extracts from Table 5.1
and 5.4 respectlvely which give the VOD measurements and

firing times discussed earlier. In particulaxr the firing
times are deduced from the VOD‘ traces (see Figures 5.4,
5.9 and 5.10). Shown in Table 5.%5a is an assessment of
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the in‘hole delay interval between top (500 me)} and
bottom ({525 ms) charges. The expected delay interval is
25 ms with an allowable scatter of 4 ms according to the
manufacturersispacifiéation. Discounting the 2ffect of
this allowance the last columﬁ gives the deviation from
the expected value of 25 ms. A close look at the table
reveals that 7 out of 9 holes (77.73%) recorded a
distinct deviation from the expected valuas.

Statistically *the probability density function derived .

. from the normal distribution curve can be used to - g\
‘determine the probability of a charge firing outside b

allowable scatter time. The Probability Density.-
- function, Z, is such that %

%= (X, - M)/S (12) &

where . :

Xa = Allowable deviation [ ) ;

"M = Mean deviation ) o v
§ = standard deviation '

From Table 5.5a, X, =4, M= 5.36, & = 9,@1 éiving

Z=_(4 - 9.36}/9.71 = 0,6153

From the HNormal distribution table, the “area under the s
curve (Fi&ure 5.14) between % = 0 and 2 = 0.6153 is given

as 0.2324. " - i : |
Therefore the probability of the allowable deviat.on (X,)
exceeding 4 is represented by the area to the right of Z

= 0.6153, i.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
culmninates in desensitisation of the top charge by the o
bottom charge, or desensitisation of the explosives

o
[

K ' L gg
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Takle .52

Blast Datg

: 1003973

Biook Number: 320575

e T
JJI 3 S E

o

Explasive density
Oeldy Time

Inrh?}.e delay assessment
P

;- h3

e,

A

7 500ms Tep & 525ms Batom

‘ FIRING 1IME (M8 | DELAY MIERVAL T DISCOUNTED |
., i NUMBER [BOTTOM 1 0P e DEVIATION | DEVIATION |
ST CHARGE | CHARGE | ACTUAL EXPECTED L {

{ T ; ' IR = ,

HEE B - 2.3 o 25 28 21 '-

fe 2 1 gT42 | 2718 16.78 26 g21 4.2%

0% 1 W1TEs (013 2102 a8 288 :

P4 15188 « Y347 | 4179 25 320 .

{5 118845 | 21093 12.48 25 ) 1es 852 .

P8 TIe3 94.25 w32 | 28 | 868 453

P 13585 . 12082 LR T T . » ;

g 175.02 | 176,08 002 .| 25 24.98 2098 |
9 2245 | 20706 i 556 25 1 1944 " 1544 -}
::1- = &
fr : * Top charge, c:;ntrary toraxpectation, fired earlier than bottom charge
Table 5.5b: Surface Delay Assessment
ﬁ_.’.- . "

T BLOCK | DELAY CELAY (ms)  CEVIATION ALLOWABLE | DISCOUNTED ¥

LNUMBER 1posm%\s ACTUAL EXPECTEDY _ (ms) | SCATTER | DEVIATION |

: T =‘-’ﬂ=‘.l_. = T o I

f [Row1&2! 6205 &7 495 | 5 . |

: iRow 283! 4142 57 2553 | 5 . 2058 |

; jRow 3%4; 1354 . &7 634 | 5 88.4

| 320678 [Row 4 &5, 11.14 & . 5586 | 5 50.86

iRew 586! 5749 87 2049 | 5 15.43
Holes 2 & 6] 1221 8 221 ¢ ¢ 5
Heles3&7: 312 S8 812 ! ‘ . :
‘Holes 4 & 8 87,73 7 i o7y ! 5 .
oo ! _

Holes 1& 2| - 80.8¢ &7 6.35 5 ; 139

1 320665 (HMolesZ2 &3] 67.08 g7 I Qa9 5 i - i

. Holes 3 & 5 12358 120 | 3&d g ! .

{ ! H

Row2&3! 9362 84 .52 8 bz

} Row3& 4 2244 34 844 8 i 0,44

I 320621 |Rowd & 51 11834 a4 | 3534 8 I 2734

i Row5&8| 4212 | 42 02 ¢ 4 |

: Holes 3&7; 3.12 9 312 1] i -

X Holes6& A1 368 4] 3as ! 9 1 -
B
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Fig E.Q _ I'Iarxggl distribution curve
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column in the é;d'_iac'en‘f; holéss. ™ The top chargé firing
before the bottom charge for all the 5 holes monitdéred

for VOD on 18/3/93 '(‘I‘able 5.la} could be attributable to

either timing problems where the top 525us units were
firing before the bottom 500ms units or freguent Tailure
of thz bottom units. ‘ -

Surface delays between 'rows and holes are assessed in
Table 5.5 Delay intervals of 42ms, 67ms and 84ms have

been s in different cases with 67ms being the most

frequent.i\ For the 67ms delay, 4 out b\_f 8 cases (50%)
showed a distinct deviation from the expected value
whereas 2 out of 3 cases -indicated succassful

parformance for the 84ms delay. Chiapetta (1983}, through

2 ssries of high speed photographic studies, has shown
that the criterion of allowipng 1 to '2ms per foot of
burden in meost multiple "f:g._asting' operations is
insufficient and usually resulté in a tight muckpile., He
rather recommends 3ms per foot (9.8ms per nreter) of
burden. Hence with the burden of 10.5m used on the mine,
a more appropriate surface delay would be 100ms. J).Hawevar

L
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with the suggested new dril’ pdttern (8. 5 % 9. 5m), a
delay of 8.5 x 9.84 or 84ms would be approprzat#. This
new criterion will reduce the tight’ muckpile
characteristic of causing hard digging, low productivity
of the dragline, increated wear and'tearVuf dragline
teeth and backbreak. S

%]

5.5 Summary of resulis

The use of.velaocity of detonation monitoring and high
spead photography in wapic.y and .cost effectiveqf
identifying hlast performance related problens are thkus
illustrated. The ' advantages of backing up VOD
measurements with high speed photogragay are alsu

explained. Three hlasts on decked holes and three othe:s

on full column charge have been nonitored and the resulta
i"n\Yatgd the fellowing: o

e
ok

vy

w i
Sear

(E-6000) of felative density .31 as in
39 out df 42 cases it detonated below tho

characteristic. voD, This sitvation
unequivocally led to  fragmentation
G proklems in certain blasts. Explosive

was gassed to density of 1.15 or less and

three blasts (16 holes) were monitored. -

All the holes except two fired within the
characteristic range.

(1) Unsatisfactory performance of explosive

{i1) von measu*ements uncovered some

performance. related problems such as
variable detonation results, top primer
firing before hottom primer although
timed to initiate the reverse, misfires
" ehkc. - These scenarios have been
summaric<d in Table 5.6. The low VODs
and apparent bottom, charge failure

91
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(iii) .

{iv)

(v)

accounted for the boulders and difficult

digying observed in cerﬁain areas of the
hlast, '

No meaningful conclusions could be drawn

regarding the performance of the various
decking materials as virtually all the
charges fired at VODs considerably lower

" than the characteristic values.

The results from high speed photography

also indicated that
ont-cf-gsequence firing occurred in three

rowg out of eight. Also Row 23 did not.
fire. - The =ffect was overburdening of

Row 24 onwards, the blast was choked and
more blowouts observed. 'Thia accounted
for a completelyrunbrcken section or the
sTable top effect' on that blast. -

The periormance of the 42 ms Nonel type

detonators (NTDs) shmld be investigated

further as a delay range of 10 msqplaces-

a guestion markX on its accuracy.
The best way of utilising the air bags
for decking should be  investigated
further, ' since indications are that
slipping of the bags does occur.

Assessment of in-hola delay has revealed
ﬂngatis.f.fhctory performance of the 265us
delay interval i.e 525ms and 500ms delays
for top and bottom charges respectively
as 7 out of $ holes (77.78%) recorded
distinct deviation from the allowable or

| expected value. This assures 73.24%
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confidence of the deviation exceeding the
allowable scatter. Excessive  spatter '
nsually culminates in desensitisation of
the top charge by the bottom charge or
desensitisation of explos:.ve column in
the adiacent holes and is bound to have
negativa {mpact on blasting parformance.

#
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el a
i -
{ =
e - Table 5.6 Summaty of Resuits of Blasis Monitored for VODs o ’
~“DATE | BLAST | NUI CHAR. T REMARRK
VﬂD!mls!

g N _ (2% Ubjective’ Deci pedormanct venficalon
10/3/93 | 320575 9 11 \ T=615 — 4565 1480 4500 ~ 5000 { (b] Low and sfratié VODS racorded.
. B = 850 - 37835 1429 (c} No VOUs mCoded for same holes
(dj Only one charge detonated at characteristic VOD.

(@) Low VOis but gaod gragiing partomangce
: () No VODS recorded for some hoies
18/3/93 320545 5 131 788 - 2708 1753 4500 -~ 5000 |(c) Parformanca related probiem insludes
- Sympathetic detonation of tap charge with bottom cbarga
- £ratle sevarance prior o deionatcn
~ Botom daflagretiyn and top faiiuie.

{a} Only one hole cetonated ai the top

_ - _ 3 and low VODs at tho botlom
26/3/93 320531 4 131 T = 4505 4505 4500 —~ 5000 | {h) Erratic detonation resulis and initiation related prohlems
B = 689 — 912 | 7re o - Intefarance with cabie
~ Fraquant top charge failure
- Boitom dallagration and wop delonation.

Y

) {a) Two axplosive types (RD of1.31 & 1. 15} festen.
8/6/93 320678 |-~ 6 131 461 ~ 923 B21 4500 — 5000 (b} Low VOD balow char, value for 1.31 RD axplosive
e 4 104 806t — 5351 8221 4700 - £580 | (o} Accaptabie VOD within char. range for 1.04 RD explosive
{d) Peor biast results (poof fagmentation) parly
’ attnbutanle & 131 RD explosive.

. ' ,. i (3} All hoies (excapt one tited at 704) detonated
18/8/93 | 320665 4 1.1z 5404 - 5737 54&4 ~ 5732 4700 - 5500 within the char. vattge
: {o} Good looking fragmentation. <
{¢} Full sojlumn chaige

) _ o (g Full column blasting for tast blastholes
B/7/33 § 320621 8 1.18 4851 - 5575 5308 | 4700 — 5300 |(b} Ail test holes fired within charactedstic VO 5
) ' {c) The nead 10 raview densily of axpiosiva was ;uslmad
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CHAPTER 6
DRAGLINE PRODUCTIVITY

) . T
The productivity of a dragline can be assessed thlguqh
several indices. For the purpcse of this study, £411

tactor (bucket factor), fill time or digging time and

bank-cubic meter per production hour (BCM/Pr.Hr) are the

~ dragline ;_ierfdrmﬁnce. This is because these are ‘the real
. indices that reflect blasting perfarmance which to ail
intents and purposes form the gore or basis of this
project. : Crosby' (1981) has produced much evidence to
supportr this view. This chapter therefore evaluates
drigiine performance on the basis of these indices and
relates dragline productivity to biasting performance.
 The influence of certain key blast design parameters such
- as drill pattern, cperators performance etc on dragline
productivity is also assessed. Dragline scheduling is
'":k;riefly discussed. Table 6.1 lists the values of these
indices for the various blasts under study. The blast

glVlng the best results in 'tertms of dragl:.ne performance -

£rom th\ combined affects of afrl the varmus indices will
be illystrated later in this qectwn.

B 'L statistiaal Analysis of Dr'aqline Praductivity

_ ’5 ’

In the subseguent sections ‘\ - dragline performance
(measured through the various iﬁdices) is assessed based
on the results of 12 blasta. Ftbr samples of size N)BO
called largs szamples "he sampllng distrz.hutlan is

*a_"es

s
=

"+ main diagnestic toocls used in ¢his chapter for svaluating .
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Table6.! DRAGLINE OPERATIONAL DATA

VEEGME | PROD,

2

TBLAST [ BLOCK ' MECH. : _ = TIMING “Fitl @?WW‘
DATE | NUMBER, [DIGGING PERICTAVAIL. (%)| % UTIL. | INSITU { HOURS |[BCMPr.Hr. CYCLE EiiL ] FACTOR | (R/BCM)
- R | (BCK) TIME (s) | TIME(s) | (%) '

{1} .. 3 I (3} A {5) (6) () {EY{7)=8 {9y _(10y {11} (12)
23/3/03 | 3205100 {23/3/92-13/3193) 82 -1 718 396130 | 27076 | 1463.03 85 20.41 74.05 0.826
26/2/93 | 320587 |13/3/93-23/393] 86 T &8 408620 | 18806 | 216218 | @06 17 74.06 0.59
U3/3(93 | 320576 | 23/3193 - 3303 | BT 84 257580 | 140,82 | 182814 | 625 18.2 74.05 0.661
10/3/93 | 320575 |30/3/93-08/4/93| 80 82 308228 | 15448 | 109551 | 608 176 72.19 0.608
18/3/93 | 320543 | 08/4/93-15/4/93] 80 82 241205 | 12239 | 197079 58 17 753 0.613
253193 | 320531 |15/4/93-03/5/63 86 83 508754 | 314.37 | 151832 | 626 1893 | ‘6641 | 0747
30/3/93 | 320501 |03/5/93-08/5/03 | 89 76 185002 | 6967 | 2655.4 65.4 19.74 72.41 0.444
01/6/93 | 3206108 | 04/6/93-22/6/93| 86 80 542700 | 301.29 | 1801.25- | 68 20 71.23 0.671
08/6:93 | 320678 |22/6/93-29/K6/93 | 87 72 194400 - | 11077 | 175498 | 648 18.71 63.76 0.688
11/6/93 | 320676 |20/6/93-08/7/93 | 87 78 364230 | 152.88 | 238246 | 634 19.46 65.72 0.507
18/6/93 | 320865 |087793-19/7193| o ‘75 . | 276756 | 17561 | 1575.94 61 17.86 63.94 0.767
29/6/93 | 320843 |10/7/93-02/8193 | &7 83 453486 | 23742 | 101005 | 808 = | 18 6256 | 0633

AVG 85.75 70.67  [344500.26 | 18004 | 192650 | B2.13 18.55 6067 065 |
STD - 3.22 399 (11443875 | 7477 .! 327.74 | 280 168 455 0,10

P




approximately normal, the approxim_atinn"\begoming. better

with increasinq'l{ (Fisher, 1938). For .samples of size
N<30, called amall samples, such as 12 blasts in
question, this approximation is poor’ and beccnes worse
with decreasing N. . 2s a result the ‘small sampling
theory’ is used in the analysis that follows.

Using the student’s + distribution (Figure 6.1), if
~togms and +ty,s 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 o

= Lows < (X - W)/S N 7 1< Lagy (13)
where- )
X = sample mean .
i = population mean @
s = sample standard deviation
N = number of samples o,
Ve = N-1 (v, = degrees of freedom)

r
A »

Fig 6.1 Students t-distribution for wvarious values of v
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From the above équation, the popui%tion mean {u)} can be
estimated to lie in the interval. : '

X - t0_9758(H"1) < u < X +#t0.9758(N"1) (14)

With reference to Table 6.2 the folliowing information can
be deduced for the £ill factor: '

Mean {(X) a 69.25%

Standard deviation = 4.55% ]
Number of samples0o0 (N) = 12 S

Hum?er of degrees of freedom = v - N

= 12-1=11

to.g75 = 2.2 (from tables)

Table $.2: Mean estimates for the various performance

ipdices
£ i N— -

Paramatar . Hoan Standard Interval (u}

' Deviation
Fill Factor (%) §9.62 4.55 | e8.38 < u < 70.18
Fill time (8) 18.73 1.14 1 18.50 < g < 18.96
BCM/Pr.Br. 1926.24 | 372.22 . | 1848.80 < g < 1.12 -
Uniformity index | 1.10 6.1 1.08 € p < 1.12
3 L o T AT T BRI i R T A0

Applying sguation {14}, the population mean () lies in the interval

. | 4.55” 4.55
69,28 - 2.2 ! 5 + 2
- e 12_1 1L € 69.2 2.2 X wedaoin Py

[
i

' 68.34 < p < 70.16

1 L

Although 12 sanplas arqy uged, the above calculation auuras o5%
confidence that the population mean (fill factor values for larger

 wampled, N>30) will lle ketween the intervals 68.34% and 70.16%. Ny
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similar. analysis, the tabulation below indicates the possible mean
interval for the other productivity indices based on 95% confidencs
limits {i.e. probability of 0.95).

- o

6.2 Dragline Productivity Evaluation

This section evaluates the dragline performance on the

basis of the productivity indices mentioned above, viz,
- £ill factor, £ill +time and bank ocubic meters per
production hour {BCM/Pr.HY ) »

6.2.1 Fill factoxr L

Fill factor is the ratio of lod @ cubic meters versus
bucket rating in cubic meters. This parameter is
dependent on the material heaping gualities, the angle of
repose and the consistency with which the operator fills
the bucket., Operators' performance is evaluated in
section 6.6. CGenerally speaking the fill factor value
usually varies from 0.4 to 1.1 and depends on the ease
with which materials flow into the hucket. It is the
- most important productivity.index that reflects blasting
performance and as a consaquenca much emphasis has been
placed on it not only in comparing the various blasts
(Table 6.3) but also as a keyﬁ-targat of improving
dragline productivity. The f£ill factor, as can be
deduced from Table 6.3, varies from 74.05% to a minimum
of 62.56% with a#n average of 69.25%. Chiapetta (1993}
points out that £111 factor should practically be between
85% to 95% for afficient dragline operation. Bucyrus-
Erie, 1976 throws wore light on thig argument by stating
that although it iz theoretically possible to have a
bucket £ill factor greater than 100% the usual valuese are
in the 80%1t9 95% range. In the light of the above, the
' average value of 69.25% as deduced from Table 6.3 i&
apparently. Jow and implies either difficulty in digging
or excessive fines production.

99




g

L

i

Table 6.3 Summarv of Results: Dragline Productivity -
and Fragmentation Assessment

FHAGMENTATION | GOST
: REMARKS FROM VOD
BLAST [ TIME [FACTOR 1BCM M J UNIFORM.JOVERSIZE [ TOTAL MEASUREMENT
8 _1 1% INDEX(0) | (%] R (FVBCAR
351008 20111 - 405! 146303 1.08 .12 1.3i5
320587 17.2 7405} 2162.06 1.13 12 1.011) — Good fragmeniation
0576 F 62| 7405 1829.14 142 10f  t.162] - Relatively easy digging
i 820575 ir8 72.19; 139551 .01 15 10641 — VO belaw chamctaristic valites
320543 17| 753] 1970.79 1,03 178 1026
320531 § . 18.93 86.41] 61832 1.03 12 11595 — Unfragmented sactiong
320501 19.74 T2.11 2655.4 1.14 17 08765 ~ Difficuit digging
ageins 20 71.23] 180125 L ¥ -] 14 1.0961 - VOD below charasteristic velves
5206878 §  18.71 €3.78] 1754.98 1.01 135 1156 -
320878 § 048] 65.72] 230246 104 7§ 0.906] = Good ragmeniatisn
Ja088s ] 1788| | 83.97] 157594 T - 1.232F - Difficuit digging -
| 320849 18 €256} 191005 ..c8 8 1.167% -~ But VOO at charsctersilc sange |
SUM § 2281 835.40,; 23118.95 13.18 155.003 13171
AV3 18.57 89.62f 1926.58 1.1¢ 2092 1.098
ST A 104 455] 327.74_ e 2101 809} 0123

Figure 6.2 is a diagrammatic illustration of the
chronological pattern of the rill factor for the study
period (23/3/93 - 29/6/93). A decreasing trend of fill

ki
75
- 74
F2)
72
=~ 70
)
:.E
= b8
i
B7
w .
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64
63
62

Figure
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3

§.2 Diagrammatic Illustration of a Declining
Trend of Fill Factor (23/2/93 - 2/8/93)
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factor with time is again visible. &iven the high
production cost of the dragl..ne operation, the mnmine
sim‘p‘iy can not afford to tolerate such an inimical

. 8ituation, i.e. low prndunf;l'.lvity of the dragllne.. ' The

meed to immediately review the blasting operation to
assist the dragline diggability can’ therefore not be
overemphas:vsad.

6.2.2  _Frill tine

The dragline cycle time refers to the length ¢f time
taken between commencing to dump one bucket load . to
comsﬁciﬁg to dump subsequenit load. In qﬁh'é'i:" words the
time - for one complete operation consists of digging,
swinging to dump, dumping time and swing back to locad.
The time sghould alsc include all the unrecorded delays
inherent in  the aperation including all  the
inefficiencies in = ors, operators, occasional poor

-~ digging ste.

"he digging time (£fill time) is the aspect of the ‘cycle

time which is mainly related to fragmentation and which
is used ag a productivity index in this study. Table 6.4

is an'ext;j:act from Table 6.1 and it shows the cycle time,

£ill time and the f£ill time values expressed as a
percentage of cycle time. From the table, £ill time
values range from 17s to 20.7s with a mean value of
18.728. This correspeonds to '28.05% to 30.94% of the
cycle time with a wean value of 390%. Crosby et al.
(1981) found that £ill time for a good digging operation
is typically 25% of the cycle time although this depands
to some extent on the swing angle. An average value of
30% appears unsatisfactory and is a manifestation of
tight digging conditions of the muckpile which cpuld

result from a number of design factors including the

excessive spacing and burden discussed in Chapter four.

‘Two dragline bucket lengths should £i11 the hucket if

o
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Table 6.4 Fill Time Expressed as Percentage of the Cycle ’
) Tine oL _ ¥
" “BOAST T BLOGR T TMNG FLLTvE )
“ DATE INUMBER: CYGLE Fitd AS % OF | o
L i ! Tigte sV 1 TIME (=) | OYCLE TiM T!Iﬁiti_ . a7 o
) i I : [ f
23/3163 | 3205109 ;: &5 20.11 30,94 ¢
. . 2612193 | 320887 eoe |37 2805 j '
. oo} O3RS3 | 320576 | €38 -1 1wz 2812 TN \
: 1013193 | 220575 £u.8 7.8 2335 !
18/3/93 | 320543 58 . 17 PE I B @
2593 | 2653 | 626 849 | 3024 P
3593 1 320801 | 654 1274 | 3018 p ,],
o, 01/6/93 | 3206108 | 88 20 2947 ey
8 08393 | 320673 84.6 1871 | 2896
o ) 11/6/93 | 320875 634 19468 | 3069
o ) 18/6/93 | 320665 &1 47,88 | 2861 i
T | 20mie3 i_3204343 508 1§ 18 }
o ) " { . i _'_ . :
S CTUAYG } g478 18.55 28985
Lo S0 330 1.08 . 082
R : =i
3
'fragmentation is ggod and muc}cpile is sufflciently luose __

{Chiapet’\:a, 1983). Ideally, the muckp.i.le profile and
dieplacemen'c should compliment the digging equipment. To
achieve this, there 'should be a trade-off between higher

productivity and closer drilling pattern's " which e
necessitate~ higher energy input (more explos jve ©
consumption) . : o S
6.2_:3 Bank cubic metar 'per preduet:i.on hour

{BCM/PT.Ex) .

e .
* . Pl

Bank cubic meter refers to the in situ volume of the
block or kench. Production hour represents the time whan
the dragline is -physically digging: Essentially it
excludes null element times not diractly tied to fregment '
size such as time for preparation, walking and delays.
Furthermore the effect of mechanical availability and
utilisation is discounted. Used as a productivity index,',
bank cubic meter per production hour gives a volunmetric ’
measure of the digging capability of the dragline shovel,

loz

N - i ——
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The measured values for the blasts in guestién are again

shown inp Table 6.2. The values range from, 1755 ta 2555
BCH/Pr.Hr witk a gmean value of 1426: Theoretically the

maximup value for the draglire in question is 3208 "
‘ BCM/Pr.Hr.' It lﬁ» therefore ev:.dent from the available

data “that the draglme is performing _far bhelow
expectation and there is room for improvenent if related

drillin and hlasting problems are corrected. The resﬁlts/

- of the j jz:aglme performance evaluation is summarised in

i
=

6.3 nraglina Performance Related ta Blpsting

* Phe previous chaptars have dug into a cr:l.t:.cal assessment

1
W
ey

of the ex:.sting pract:.ce {design consideration) :on the .

salient points are recapitulated in this section and for
the argument of brevw,ty gad oclarity are pre.santed in
tabular form {(Table §.4a)., on the questzon of ©
fragmentatlon 69% of the fragments were in excess of 80cm
as surfaced by t}ae modél, “this juut;xfy;!.ng_.a review of the
Blasting operation. virtually -all the blasts analysed
showed a uniformity exponent of the Rosin-Rammler model
greater than 1 which is the optimum requ:l.rement for
optimum fragmentation (Cunningham, 1993).” The foregoing
analysis reveals that the draglira productivity assessed
tﬁfough the various indices, viz, fill time, £ill factor
and BCH/Pr Hr, is far below expectaticn. Furthermore the

decreasing trend of £1ill factor during the period under |

‘mine as well as the causes of fragmentation problems -
through VOD measurzments and high spzed phutagraphy. The

S

invertigation (Figure §.1) leaves much to be desired.

These issues will be addressed in due coa:\ﬁe.

<~'_;_

S !

The VOD measuremants (Chapter 5) hava placed in better

perspectlve *ome initiation related problens such as poor *

in~hole delay performance, top primer initiation before
botton prmer (although timed to initiate the reverse)
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Average: 58%

&’ e
’ -, Table 8.4 Summary of Hesulls: Nerformance Evalustion
. PAPAMETER NOEX VALHE. -, N HEM'AHK
7- 1.7 Tme | Range:17-207s Ya) Fill time for a gﬁod digging operation i t?pncaﬂy 25% of
 .jAverage:1872s 710 tolal cyde time.” -
30% of cydle tima Average value of 30% is quite ursatisfactory.
{b) Difficult digging condition is manifested,
- i . 1.4 T&o dragiine lengths shoud fil the bucket it fragnentatnen
- | _ : is gpod and muchkpils is sufficiently aoseé (Chiappeta, * 983),
5 FM facior | Range: 52.6-74% {ay Most important index thaiimproves dragline producvity, -
 PRODUCTIVITY iBucket factor) j| Average: 83% i) Fili factar values for s=tisfactory digaing corditions are:
: Theoritically: 40 — 110% B
Przctically: 85 — 88% {Chiappata)
} (Gh&yerage value of 63% is quite low. Again difficult digging
' condition or tight muckpile is manitasted,
4 S.BCM/Pr.ir § Fﬂnge 17582655 | {a} 1here s room for mproverment i related aniling ard blasting
- Average: 1926 pmblams are corrected and blast dlsplacament induced.
P 4, Unifoimity Range: 1.01~1.31 {aj Unlfolmﬁv index of 1 or mgre ﬁortrays good fragrnematmn.
1FRAGMENTATION i
: = 5. % Qversize > 180cm: 5% (b) For dragline conslderaei-:m f0 oversize per se.
> 8Cemn: 69% {c) However from design perpective, biast continously resulting in
botlders greater than 80cm shouid be reviewad (Cunmingham ,1993). -
* Generslly fragmentaticn appear not 1o pose problem onthe -
properiy. However the a«“-‘!‘abie Top Erect® calls for slam,
%OUTOF TOTAL | S : -
. Cﬁs’r N bl
8. ﬁ;iiing " Range: 5.08-8.81% | {a) Driting cost s ms:gmﬁcam
Average: 8%
COST 7. Blasilng Range: 30.3~42.4% | () Any changs ‘hat may resuit in increased driiing and bsastmg
Average;36% @ ! cast but which can possioly enhance dragme productmly will
8. Bragme Ranga: 50.7~62.63% draﬂcaﬂg&reduce overall cost.

e}
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anfl cable severance all of which have dra.sti'c influence
on'bhlasting performance (refer to Tabla.6.5), Explogsives
£iring below the characteristic values azl_d explosive
incompatibility with the blasting 'J environmd}nt are also
evident. The high 'spaeci 'photograpny 1s used as a
valuable diagnostic fg..ald tool. te complement VOD
neasurenents. Assessmen\\;c of the axisting practwe from
\\ the design perspective (Chapter 4} has indicated lack of
field jeontrol in many areas including spacing burcien
rata n, delay =selesction and loading.

A

- In relai_:ing clragline performance to !';Slasting, the major
‘design factors influencing dragline productivity are
‘disgussed; reasons for pcor fragmentation anc:l hence low
dragline digging efficm-mles ‘a8 uncovered through
velocity of detonation messurament and high sgpeed
% | phctograpm/ are axplaine-i in the subsequent secticns.
' Other - external . fdu";ﬁrﬁ mpactinq ©  on dragline

productivity such as operatdrs' performance are alko

'_ evaluated to elim.nate the experience fa.ctqﬁ agsociated

with differant operators. ’ O A

- (J

. 6-.,3.";.' nesiqn fm,.tars ]ﬂ--latud te tragnontation and |
| pr«-sducti.vity : | o

__<There arep a munher of factors affecting fragmen ‘\M.J.on of
rock which the blaster must consider when decidi,nq on a
specific blast demgn. Thege factors are catéqarlsed
under uncontrolliable {surh as geslogical facto:‘s) and
!’ controllable (explosive and design) factors. :rt 18 the
latter case which is within the control of the tilae.ter

(Paul, 1993)" an. must be adjusted to dchjieve olbtimun{ﬂ

Eragmentation and improve dragline pr: ductivityﬂ . In

Table 6.6, the dragline productivity uwsing the Vair:ious

indices, viz. £ill t.ime, £fill factor and BCM/Pr. Hﬂ has

been studied under wvarious- cm*ditians of dec ,:mg,-,.{_

spacing-burden rat.:.a, de‘lay z‘q\nd raowder factor. The; Fe
ln

I " 3.05 &
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Tacte 65 HE"ULTS OF vOD MEASUREMENTS Ermulsion E~6000 (RD—-‘i S },-.

No of Hn:es monitored = 25 Range of VOD measused =4491my/s
No of Holes 1% of Tot@l Svent - Remarks (causes)
1 4 55 Sympathetic detonation of -
e _ top deck with bottom deck LT
== 6 1 333 inteference withthegable . - s ' -
- T Top primer initiated beiore 1 T{a) Frequent fallure of the bottom urits or .y

5 27.8 the bottorn primer although . {5} Timing problern where the top 528ms units o g
timed to initiaie the ieverse, are firing before the boitermn 500ms units. o
Deflagration of the bodom {a) Explosive at the boltom primer region above or close 1o the

i. 2 1141 primer followed by deidnation of : critical densrty resulting in recuced explosive sensitivity, .
’= ¢ - : theiop pnmer _ (bl Scatter in timing of the primer regitit 145U T éadier firing, thus’
= : co g disrupting part of the explosive column and inhibit proper detonation.
) ' Deﬂag:at!m o botom charge {a) Possible desensitisation of top charge by bottom charge . or adjacent
& 1141 L 1 without recovery into detonation charge due to excessive time (delay) scatter or
' i.e iop failure, _{b) Performance probiem of the explosive.

LT Firirg below the characteristic VOD.!  (a) Indicates perfonmance problem  or explosive guality problem.

16 _ 88.8 | Inmostcases, run up didnot ocour| (b} Bxplosive incompatibility with the blasting environment manifestad.
and detonation remained linear, . * The nesd ta investigate into the explosive quality was thus justified.

' ’ * Explosive gassed o 1.15 and 3 blasts {16 hgles) monitored.
. 7 - - RESULTS:. Al gxcept cne hole detonated at characteristic VOD.
’ : ' CONOI/MSiON Cof¥irms problam not with inifistion but rather
with the ex iSsive (Emulsion E--6000, BD = 1.31).
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Design Factors Related to Uregine Producivty and Fragmentation
o ) !

- Tanla 6.6
! MATERIAL |_PRODUC THt1Y (AVERAG z
IPARAMETER| BLOCK {VALUE) FliL: FiLL BOMM: UN'FORW REMARKS v N
TIME(s: FACTOR{% “INDE At ] _
1 Decking | 5109-543 ash 184 73937 1 18841 1.07 {a) Ash perfcrms iefativefy betfer, *
531676 A - 3194 . 6745 2042, 1.05 (b} With air decs as move quickdy within 1-2ms
885627 | Fullca. & 184 63.79 1697.8 1.29 from bottom a top deck, desensitising the
o . fitaduct thus causing sympathetic detonation,
folesive deflagrates, poor breakage resuits,
(c: Ash down such gas movement to 5-15ms.
{d; Fult column charge has not yielded the expected
g - produciivity, ts probable th=¢ more explosives
than necessaty has = ised to compensate
- for soma blasting inadeimacies. .
5109-575 1 Hx10.2 183 7358 1862.4 108 - {8} 5 A B =10 X 10.2m gives refatively the
2. 5XB 543-501 11 %102 184 7103 20815 107 ° best results.
: 5108665 | 11x10.5 12 66,17 18787 1. !@} Gives ap indication of tha possibility of
- 643622 [ 10.5¢10.5 19.3 SanNM 7588 1, " getiing better results by fnther reducing
= the drill pattern.
Sin-hole | 5100-543 |5258500ms) 184 4393 -1884.1 1.0¢ Further investigation using YOI trace necessary
delay . | 531822 [5008500ms| 19.17 £6.34 18132 1.14 Refor to section 5.5,
. . e Fot
" 4 Powder | 51005431  0.448 184 353 5884.1 .07 {a¥ Easy digoing with 0.448
- Factor 531676 { 0.45G 9.4 67.85 2042.5 T108 fb) Medium digning with 0.486
{kg/m3} 6656622 0.483 18.4 63.79 1egr.s [ 1.20 {c} Difficult digging with 0,483
3 %‘1‘1 Increased powder factor did not necessarily lnpmve
] _};ﬂ dragline perfformance. The effect of increased powder
Y foctor was negated by using larget drill paltarn ie Sx8
LT ratic 6f 11 x 10.5m. Crater due to one hole may not
Y “gverlay the next hole thus resulling if toes, ?
(“‘:’ Ix)

i
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design factors have already been covered in Chapter 4 and
are reproduced here in summarised form on &ccount of

their relevance to the present subject. The influénpe of

the various factors on dragline productivity is discusged
below. It must nonetheless be emphasised that these
factors only offer partial explanation to the. dragline
performance, other factors come into play although their
influence al’e not guantified or isolated in this report.

Effect of Decking on Aragline productivity

From Chapter 8, it was evident that the results of the
deck performance trials are inconclusive as a substantial
number of explosive charges fired below characteristic
VOD ranges. - The investigatién that follows therefore
arises from the falliacies or inad’equécias of the earlier
stadies. - Table 6.6 shows dragline productivities for the
different decking materials, viz, air, ash and full-

N column change. These indices expressed as percen.tages are'

depicted on Figure 6.3.

!

Productivity index

‘_f_» |

LEGEND

. Fill Time {s)

-1 Fill Factor (%)

BCM / Pr. Hr.

ol ) .}!' 1
Asly . Alr Fuli Gclumn

Decking Matetial

Figure 6.3 Effect of Dec_:kiﬁg on Dragline prpduc:tivitjr-
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 1€ 13 easily remarkable f om the copbined effect of the
- tﬁree prcduct1v1ty irdlces that ash used as dacklnq'
material performs relatively better than air. The good

parformance inothe ash deck, is refl#cted in the lower

. i1} times and higher Fill factors as we.;l as.-bank cubic

e

-weters per hour. With air decking (contrary for ash

decking) gas moves guickly, within % to 2ms, from bottom

‘to top wharge, possibly desensitising the product and
' causing sympathetic detonation (Chiapetta, 19?3?2 The

explosive deflagrates and poor breakage results. This
situation can be aggravated by high scatter in delay
intorvala as seen in the previcus chapter. Ash decking
is capable of slowing down such d¢as movement to 5 to
15::. A full column ﬂharqe @®id not vield the expected
higher productivity.~axt 15 therefore probable that more
explosives than necessary\have hean used to compensate

for some blasting inadeguacies. Earlier 1nvestigat1nn.by

fragmentation results when cruﬁhﬁd stone is used aa a
dackinq material. FEEE

‘:.:‘

o) 1
i 2 . 4

Effact or Drill Pattern on dragline productivity

R ." "

The subjzet of spacﬁng and_burdgn has been cavered by

“many authors: Brinkmann (1990), Hagan (19@%), Vutukuri

{1973}, cuhningham (1991). In Table 6.6 various
comblnatlons of spacing and burden have been used: 10 x

N\, 10.2m, 11 x 10.2m, 11 X 10.%m and 10.5 x 10.5m.  Tie

”“qdragllne praductiv;tias for each patterﬁﬁ(expressed as

piroentages) are graphically illustrated in quure 6.8
It is seen that the lowest drill pattern (10 x 10.2)

gives the best results. This is manifest in hlgher £ill
factors as well as BCM/H values and lower fill tines.
This gives an indlﬂat;on of the poq31bxlity of getting

hetter results by further _ &
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the mine operators also revealed equally"acgeptahle .
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30 w
1o LIGEND
25
20l . Fill Time {s)
15 [~ Fill Factor (%)
I ,\
: HEn
10§ e BCH / Pr. Hr.
. o
10x1i0.2 113102 11x10.5 105 x 105 t

Spacing Burdan ratio

Figure 6.4 Effect of “pacing—aurden ratﬁp on Dragline
. pruduct1vxty -

]

#educlng the drixl pattern. A spacing ‘burden ratio of
9 % x 8.5m has already besn recommended followinq the
sensitivity - anaiysls conducted in Chapten 4 using the
KUZ~RAM model. T L R

Eff§¢t of powdcr:factor on dragiine productivity -

Average powder factor values of 0.448kg/m®, 0.456kg/m>
and 0.483kg/m® have been used in different instances
(Table 6.6). Figure 6.5 is a drawing of dragline
productivities corresponding. to the various powder
factors. The figure presents an 1nteresting pictura in
that,higher_prcductivlty ualues‘are ironically associated.
with the lowest powder factor value of 0.448kg/m>. In a
similar veih, lower digging efficiency is portrayed with

v
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productivity index
40 -

' Fill Time (s5)

Fill Pactor (%)

BCM / Pr. Hr,

Powder factor

4

A ®

Fiqufa-s,s Effect of Powder factor”on'&ragline
Productivity.. )

it

the k*vyher powder factor (0.483 K¢/m’). This means that
the avenuesz to exploit to improve fragmentation is not
only increasing energy input but also other factors such
as Cdrill pattern. The increased powder factor did not

necessarily improve dragline performance. The most
plausible® explanation for this observation is that the

effect of increased powder factor (full column charge) is
negated by using larger dimension drill pattern. i.e. a

'Qf 10.5 x lleme, With this larger pattern the crater due

to one hole may not overlap the next hole. Explosive
energy - appears inadequate and ﬁhavenly Aistributed
resulting in problemq such as misfires, A poor
fragmentation, tight muckpiled, excessive cratering,
backspilis and toe p;bbl%ms {Baur et al., 1981).

it is postulated here that ivrespective of the energy
input (powder factors), if other eﬁgineering field
control measures such as drill pattern are not properly

) 111
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and adequately checked, the desired fragmentatior gan
hardly be achieved. In consequence dragline prodact. vity
is bound te be iow. o

6.4 Blast Monitoring Versus Dragline Pr%&uetivity

e

' Table 6.3 presents the dragline productivities ang

fragmentatlon results (assessed through the unifornity
index) of the various blocks. These pvoduetivitias were

‘discuased 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
productivity to fragmentation and explains the reason for
low productivities. or otherwise of the dragline as
uncozered by blast mpnitnrlng, it will throw light on
such questions as: .

- ig the draglxne qraduatian rate satisfactory or is
the productldnkat optlmum rate?

-~ gan the prsduct*yn rate be increased using better
blastlng’ In other words is the drilling and
blasting operation good enough? i

~ what is the effect of VOD of explosive and delay
perfbrmance on dragline productivity?

It is" very difficult to obtain accurate meaningful
figures directly shwing the actual influence c¢f the
drilling and blasting practice on dragline production as
there are many variables that affect the .blasting
operat;on which are difficult to isolate. Nevertheless
through blast mom.tqr:.ng (VoD measurements and h;gh speed
photography) and drag;ine productivity evaluation (using
£i11 time, £ill factor and BCM/Pr.Hr), the foullowing
scenarios have been encountered (refer towTabie‘e,z}z

~  Plock 3205109-320543: Good fragmentation, relatively

112
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easy digging but VOD below characteristic _value-'és.

-~  Block 320531-320676: Unfragmented sections of blast,

difficult digging and VOD below characteristic
values.

~  Block 32066€5-320653: ApparentIY‘qond fraqmentatlon.
uniform VOD but poor dragline performance.

The reasons for the occurrence of these specific
- scenarlos are discussed below and presented as
abbreviated case histories.

CASE 1:- Geod fragmentation, rslatively easy digging
but VOD bslow charscteristic values:

Although most of the charges fired below characteristic
vop’s, fragmentation appeared good and digging was
relatively easier as manifeste;i “by the dragline
productivity values in Table Si3. “The following reasons
accounted for this situation:
- Geological information confirmed that rock in that
atea which is of sedimentary nature is soft, jointed
~and pre—-fractured by nature. There jis therefore in-
built fragmentation which enhanced the breaking
effect, regardless of explosive performance.

- Secondly, according to the propagation 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 spite of low VOD (Brinkmann, 1993).

- The use / of a ‘smaller d%illing patterh and ash
decking/ obviocusly enhanced the breaking
charactéristj?ps of the’ explosive.

It is therefore evident from the foregoing that
fracturing in these blast areas is more 3 function of the
natural prefractured state of tbe rock rather than the
driiling and blasting technigque. Hard rocks have higher

2
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compressive and tensile strehgth than soft rocks, and the
ability to transmit strain with much less attenuation
(Atkinson et al, 1964). To blast hard rock effectively
and to create good fragmentation, an explosive is needed
with enough strain energy to overcome the tensile

 strength of the rock to initiate radial fractures and to

cause spalling at the Zrs=2 face, Soft rock, on the other
hand, requires cocmpavatively little strain to start the
cracks, but attenuvate strain guickly. If a large strain
is applied, the result will be much near-hole crushing
without batter breakage, at least in the vicinity of the
hola; A low VOD explozive provides the strain required to

~initiate the cracks, but does not excessively crush the

material. If the gas pressure is sufficient the material
will be crushed in the same manner as 'with the high VoD
explosive, but withouf the near hole c¢rushing. For this
reason, low VOD explosive ig recommendable for the weak
rock in the Syferfontein environmint. Fracturing of the
rock therefore does not necessariiy regquire that much

high VOO of the explosive, ie 4500-5000m/s. Provided the

reaction is complete, a low VOD does not indicate reduced

energy as long as the VoD is consistent (Ladds et al,

1990) . In the circumstances, it even resulted in enhanced

breaking effect in the weak roc?.

CASE II: Unfragmented ssctions, difficult digqinq and
VOD balow charactaristic values:

In certain portions of the area under study there were
completely unfragmented sect ions where secondary blasting
was effected, low dragline digging efficiencies {Tahie
6.3) recorded and VOD found to be below characteristic
values. Reblasting an area is costly as well as
difficult. The initial blasting oﬁeration tends to open
up cracks and fissures in the bank that provide ready
exit routes for the gaseous products formed by later
explosive charges. The result was that an even higher
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powder factor was used. The cggt of having a dragline
di1dle for want of sultahly prepared material was, .of
coyrse, prohibit*ve. Back tracking the results to blast

ﬁmoﬁltnrlng, the poor fnagmentation culmlnatlng in low
dragline performance has{baen found to bo attg:butab&e to

i

the follnwinq'

~ With such poor explosive performance {mean VOD of

2146 m/s and Range 3843 n/s) as cbserved in block
320543 in Table 5.1, explosive reaction proceeds
abnormally and detonation, becomes - unstaole.
Secondsxy reaction behind the detonation front may
not reach completion. The result is a drastic £ail
in energy ocutput, and rock breakage is bound to
suffer if the rock is not weak orgpiefrﬁctured.
- Furthermore VOD and explosi;ﬂ:ﬂprmhu e (paak
" pressure applied to the borehole walls) are relateﬁ
{Brlnkman, 1290)

= 0.13av?  (18)

where :
(\pe = 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 explosive in kg/m? “q«

V = Velocity of detonation in n/s -

The eyuation shows that pressure decreases with the
square of VOD. The partial detonation of explosive in
several instances as evidenced by low VODs {Table 5.1}
could therefore result in signi%icant“dxap-dff in the
peak pressure applied to the blasthole walls.

~ High speed photography measurement for blast 320531
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{,é _\‘_ ";::onfirmea csut:-df-sequence firing in theee rows. Also
row 23 did not fire. The effect was overburdening
‘for rows 24 onwards, and the hlast was choked as
more hlm?rputs were observed. Co

A

fyy =
- Timing inaccuracy partly contributed- to the
fragmentaﬁ;pn problems. This is becausp the scatter

irn tining of the: -in-hole detonators (Table 5. 5a3 and

the &67n/= surface delay (Table 5.5b, Block 320678)

© could pessibly desenaitise explosive in the adjacent
. holes and/fixr to part of the explnsive colunn within
the same hole, ij . )
The foregoing therefore reinforces tlhe cnnclusion that
_ the emulsion E~-6000 has not been efficient encugh to
achieve the neceasary ‘rock breakage as portrayed by the
erratic detonation results. Explosive incompatlbz,lity
with the blasting environment As w*nifested with a

“concomitant poor dragline digqabz.lzty ‘and that re~
. evaluation of the explosive is necess#fy. The table tap-

‘effect or ~completely uniasagmanted section’encoéntered in
block 3206531 and 320576 1is the result of the foregoing
'prohlems.

Q.

m:-a Good  fragmentation, ‘uniform VOD" but pdor
dragline performance: - '

.

= "?

K

In certain blasts-dx i.n;)erformanae has been found to
‘be unsatisfacteory in spite of agpargntly __I;quod
fragmentation and uniform VoD of amuls'iéq'-'-*-ﬁo&ﬁ v}hich
was gassed to a density of 1.15 or less (See Table 6 68}.
It is eptablished thnat: ‘ f'.f-r‘-\

- sshooting in placef, results in ta.ght Taucchi {le

. resist.ﬁjg bugket penetraticn in spite. of apparentl&r

good f{‘agmentata.on.-
- ‘Other external factors such . as [ bperatd:izs'

E

lise
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performance could contribute to such an anomaly. The
operators’ performance have bzen assessed ‘in the
next section. |
-« loose muckpile which can assist thé_dragline to achieve
high digging sfficiency is warranted. On that basis a
third factor (probably more heave) is needed which can be

achieved “through the selettion of the right surface
delay. n B84x: delay interval is appropriate for the
recommended drill pattern of 8.8 x 9.5m. A re-evaluation
of blast design and powder factors is again justified.

6.5 ﬁvaluatian,of spacific blasts

The above d\seusaions focﬁsed in broader perspective or
in general “‘terms the influence of fragmentation on
dr..gline productivity as revealed througk bhlast
mohitoring. Thus, for comparative purpoges it is
essgential to assess the blast yilelding the poorest
dragline productivity as well as the best blast anong the
L2 hiacts thdi%d. These weuld provide useful onidelines
fer future desjigns.

Using the combined effect of the dragline produchivity
and fragmentatibn, blast 320531 ( refer to Table 6.8) is
seen as ylelding-the lowast dragline efficiency. Several
reasons alread§ indicated in section 6.4 above are
identified as the causes of this unhacceptable
performance. Thege include:

~ larger variation in VoD of explosive used.
Fragmentation is adversely affected with such
inconsistent datonat;on results,

-  High speed photography revealed failure in Row 23
and. consequently overburdening of Row 24 onwards .
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'Blast was choked and more blowouts observed, a
situation which accounted for the "Table T: : Ef fect?
. discussed earlier.

-~ Use of Emulsion E-6000 (density of 1.31) which has
peen found to be incompatible with the blasting
eqvironment. o

-  prill pattern.i.e spacing burden ratio of 11 x 10.2m
is excessive and toe problems are not unexpected.

-  Inefficient in-hole delay performance, i.e scatter
in timing could result in desensitisation of top
charge by bottom charge or Sf explonive charge in
the adjacent holes. ' '

- Use of air decking due to the reasons given in

" Section 6.2.3. | ' }
.Appendix D presents the blasting parameters of Blast
320531 in question. '

By the same token,  of paramount interest is the Blast
- 320587 (Table 6.6) rated as the best blast as it yielded
the highast draglina productivity. The design parameters
of this blast together with the recommended changes are
presented in Fig 6.6. This was the bl-b.st used as the base
case for the sensitivity analysis in Chapter 4, This sane
blast will again be used as the base ¢ase in the next
chapter when evaluating the influence of I1ncreased
productivity on proction cost.

6.6 Other Factors Influencing Dragline Productivity

The previous sections have evaluated dragline
productivity on the basis of the various productivity
indices. A lot of weight has been placed on fragmentation
as a key parameter affecting dragline productivity. It
should nonetheless be rememibered that other externai
factors such as operator's performance and machine
scheduling 'tan have substantial impact on-dragline
productivity and hence merit attention. This sectlon
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PARAMETERS QUANTITY
s i

) A. Daslyn Parametors -
1. Drill Pattern (SxB) 10.2 X1¢
2. Hale Diamater (d . 250mem
3. 3tancary Deviation (w) 8.3
4, Holg Length () 28
5. Gherae tenath {1} - 20

Rock 1 Properties

6. Young Modulus (¥) 15 MPa

7. Rack density 2,57

8. Poisson's ratio ] ' 0.28

8. Uniaxial Compressive Strength 80

) 10. Hock Mass Descnption (AMD} . 50 B

11. Density lifluence (RCY) 14,25

12. Hardnesy Factar ° e :

12, Aock Hardness index, 416

Explasive Proporﬂaé o

14, Powder Facir (Kg/ma) 6.a5
15. Kg Expinsive/holg ' 1273.8
16. AWS of Explosive ‘ 82, E Q 1.15 RD
17. BWS of TNT - .
18, Bulk Density - - .\1.32a @n 15 FID
ABA0ther Proparties
{19, Expiosive typa ; E—-6000 (AD o 1, 15)
20. Dpcking material 3 m Ash
31, Number of Holes/blast =
22, [jalays .
(a)' Botween Hows . 84me
1) n--hole T=52513=450my
23. Bostars 360 X 454 4
24. Stamming : J & m grilt chippings
128, Crest Burden ] ' 6
26, Tae Burden 8.5
57, Pres-plit 3m
28. Tle—in V1 Configuration
29, Detonator . 1x&D
>

Figure §.6 - Blaht Parameters of “the Best Blast
- BLOCI{ 320587 -

h
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therefore evaluates dragline product1v1ty L“‘n 'these
llghts. )
6.6.1 ~ Assessuent of Operators’ Performance

One of the key fact.ors great.i.y influencing ﬁraqline'

' productivity but often neglected in per.formanca analysis

is the operators’ performance. This is because of the
subjective judgement entailed in such an evaluation. The
low productivity of the dragline can hardly be justified
solely on the basiz of fraguentation consideration.
Lgainst this background this section assesses the
influence, if any, of the operators performance on the

_dragline proguctivity to alleviate the experience factor

asasociated with different operatora. . The operators
performance will ba separataly evaluated for each of the
welve bJ asts (blocks) in question within the study

paricd and will eventually be carrelated to the dragline. -

praductxv.lty. ' v

As mentioned earlier the wuine operates a 3 shift system
with each shift of 8 hours duration. Each operator is
mentiﬁed by one of the symbols A, B, C ets, (See
Appendix C). This has bean done for all the blocks during
the periods for which the dragliné wias operat.ional. In
Tabl_e 6.7 the cperator’s frequency during the digging

‘period of each klock is shown. As the mine keeps record

of the operator’s productivity by means of the total
2ubic material moved per operating hour (ICM/Hr), the
pexrformance index of each operator can be easily
computed. This is effected by defining a paranmeter
*Perfiormence Index" as the product of the operator’s
praduchlvity {P), percentage availability (aA), and
percentage utilisation (U). 1In particular, the
"parformance Index” is given by the relation:
s

PI=PxAxY (16)
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Tabie 6.7 fllustration of Operators' Frequency
 «(2312/93-29/6/93) - N
FTBLOCK | BLAST BIGBING | 0 ﬁATG‘R‘S’?”“E’d‘Uﬁn.,«" )
NUMBER | DATE |  PERIOD AT BETC [DIETETGIH L
3205109 | 23/2/08 |23/2063-13/3/031 10 |12 |13 |5 t4 |6 | - I*-
320587 | 26/293 |13/3/93-2%/8/93) 9 8 | 7 | -i2 {7 |- |- -
320576 | O3B/S3 (2wRO3IMBG3Y Bl 1 16 { - |4 T6 it |1 S R
320575 | 10/3/3 |.30/3/938M4/93 1 | - 46 [6 | -8 {511 -] f-1-~
320843 7| 1813/93 | 8I4193-15/4:33 II 2 L -l 4 jax{2 taj7 (1] 1-
320831 | 25//03 | 153353 f12 | 7 .l L1 js tufala -]

" 32050t | 30/3/93 | 345038503 | 3 | 4 4. ({2 i3 41 -4 f-]-1-

W 13206108 | G693 | 4893220693 14 j 125 -} - 13 fe 14 -] - 107
320678 | O8/6/93 (2o66093-2906i93) 4 |5 | - |- (4 |7 {4 |- -11 16
320676 |- 116/93 joomie3emiozl 4 |7 | -l -Leffela o) -18
320665 | 18/6/03 | e7/9319793 | 8 "9 | - [ -5 Bt -0« - fo- -3 ]
| 320643 | 20693 | 19/793-2/8/93 ) 4 (-] 1 | - {1414 -} - 11 | - 1

| ) o - E T ——



For instance for Operator A with productivity (P) oﬁ-—zgy}-
Tem/dr, availability (A} of 86% and utilisation (U) of

73%, the Performance Index is calculated thus:

“ P = 2247 & 0.86 X 0.7 = 1807
B s . Y
’ ' ;,."'r R

By similar calculationf each operator's "Performance
. Index" is. pregented in Table 6.8. fAn the basis of this

2

“Perfomnce Index” the operators are rated as 1, 2, 3

- ete. uith 1 being the best. (See the last column of Table

6.8). 'I'h:is rating asaociates an “efficiéncy zactcm" (F\
to aaah operatgr. :

1 put ° thesa figures into perspect:we the avex:aga
. op@ta%ol?*,, perfornance (AGP) of Each block is computed.

rnis is simply 'i:he weighted average obtained' by taking

the algebraic sum for the various operators (product of
-afticiency factor and operators frequency) and dividing
‘bBy the sum of the sperators freguencies, Thus the Aver&gt-

aperntor's Ferformance {A0P) is’ such that:
g E1F1L + E2F2 + E3F3+...+EnFn
a0P = - 4 _ : 17)

F1 + Fzy F3+...4Fn |

In rafererce to Table &6.7 which shoés the operator
frequency 'F?F) and Table 6.8 giving the efficiency factor
{E} » the "Average Operator’s éerforma'nce" for block
3205109 can be calculated as follows: !

10X9+12X2+13X3 +5R10+1xI+6x11 _ 270
A = — = .
op L0135+ 345 +1 46 roaliall

b4

Presented in Table 6.8 is the summary of the Average

~Operator’s Performapnce values for the various blocks.

Rating (jas been effected on these values for each block
to obtain the final "Operater’s Productivity Rating®
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Table 6.6 Evaluation of Operators’ Perfarmance,
}D . . - R . 4 =
iF‘ Ca e

- s, i

B r i : ,": : s
IOHﬁRATOR PRODUCTIVITY] AVARLABRITY | UTILISATION | PERFORMANCE| EFFICIENCY
| (TCM/H) (%) . (%fe. .| ¢ INDEX. |  FACTOR

]-1} k3

. . i 4} S SR 1
2247 86 £ 1507 g
2654 ¢ -l - 83 | 1983 2
2430 - 88 | @ .1 1860 3
2320 . 83 | .18 1463 46
2130 8t Tt - ) 1402 12
2755 787 4 U ar 2084 = |. . 1
2243 - 88 - | TS el 141t 1
2330 - @ | . Ty 1 1818 7_-
2498 88 - 8l ©oqg47 . 4 . &

‘ 8

&

5

1)
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4 Table 6.9 Average Operatdr'é' Performance Versus -
’ JDPragling roduckivity. S

LT
BLOCK | AvERAGR
OPERATORS
PEXHORMANCE
578 :
CEMm HEL R P © 3 Well corrziaied.
L1 ) v S 139.14 5. i | Welt corriaied. Avorme
) . e,
4 1 1995.51 S 4} Vecoreled,
721 . 1om 1 5 Uacorrelated.
= — . S
$.302 ({ 161832 W | Uscorrelated,
B I - i
5.7% s WSS 1 1
581 wois | so 3
6.167 175458 6 ¥
7.085 T s ] C2
737 ° L7 7 VRN B 13 v
kb » _
320643 6.793 1910.05 1 &

_(OPR). Also shown in the column 5 of 'I‘able 6/9 is tha
"Dragline Productivity Rating" (DPR) which gives an

 ipdication of the order of the drac}).ine perfnrmance in
the various Blocks on the basis of the ; ‘pdug#t:.vity index
(BchPr Hr.} {(Refer to Table 6.3). Regresﬁmn analysis
has been conducted to verify the relationship between the

Operator’s Performance and:Dragllne:Performance {Figure
6.7).

o
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" rigure 6.7 Regresaiun Analysis: Opnrtt.ors' Ra.ti.ng 'Varsaa

 6.6.2

f s

Dragline Productivity.

3]

L]

I:;igcussion of Results
B g
&

2

' Viewed from a broader parspective there is no general
linear correlation ketwecn the uperators performance and

dragline productivity per se as evidenced by a
correlation caeffmmnt of 6.42. This notwithstanding, by
analyzing the results in Table 6.9 on a bleck by block
basis the following scenario are evident:

The rel‘é‘.tively satisfactory dragline produc_:tivities
in blocks 320887 and 320501 are partly attributable

‘to the good performance of the operators. |
In a similar vein the poor performance of. some

operators is reflected in the low ﬁr_:aglinéc digging
efficiencies of blocks 3206108 and 320665. - _
Average operators’ performance is also exhibited in

‘block 320643 where the operators’ performance is
seen to be well correlated with dragline

productivity. _ ‘

Block 320531 and .3205109 present somewhat .of a
paradox.ﬂ Whilst the operators’ productivities are
rated among the best in these blocks, the dragline
produdtigities are considerably low. It .is

"interesting to note that® it 4is in this block

Y
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{320531) that the “Table Top ‘Effect’ was
encountered. This asmnﬂrms the earlier ecmclusmn
that low dragline product:.v:.tles in these blacks
‘should be blamed on blasting related prcblema and
not on operators, ability. ¢

6.6.3 pDragline Scheduling

. The draqiine séheduled operating time nakes allowance for

periods of time when the dragline will not ba operated.
A scheduled ocperating time for draglines of 90% “or better
is typical (Bucyrus-;ErJ.e,, 19786}, The dragline
availability is  the ﬁari@f of the scheduled hours,
expressed as percentaéa, that tha machine is electrically

" and mechanically ready te work. Thus this - is the total

time the operator has available in which to strip codl.
According to Bucyrus-Erie (1976) a 90% mechanical

. availability can be attained although a more normal
f:l.gure would be 803%. Table 6.1 aumnarz.ses the mechanicgl

aVailability figures for the. various klasts on the
property keirg investigated. Hechaniral availability
values ranging form 20% %o 89% with a mean value of
85. ?5% appear gquite satlsfactory From a utilisation
pm.n‘t of view the dragline utility is defined as the part
of the machine available time, expressed as a percentage,
that the dragline is actually atr:.pplng. The types of

delay the utility allows for are those other than

mechanical and elect:__::i.cal such as lunch ; loss of electrlc

‘-:"pq_wer and waiting for blasting. This factor, according to

Bucyrus-Erie { 1’#76) varies from mine tc mine but values
in the low 3%0%'s can regularly be attained at well~
organised properties {refer to Table 6. 1) . The values
range from 72% to 85% with a mean value of 79. 67% which
certainly appears low. It is therefore evident that

although availability on the dragline iz satisfactory the o

vtiligation is guite disappointing. The dragline
scheduling calls for concern in oxrder t¢ reap the
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6.7 ﬂmrf of results and piscussiens

‘Dragline px;oductivltiaa' are reviewed in the light of the

productivity indices of f£ill factor, f£ill time and
Bcﬁfi'r.ﬂr. and have assentially been related
fragmentation, The study. has also elucidated
understanding of the cperators’ performances in relation
to. dragline produs ",:;i.vitf. The following are brought to
lighe: '

g
. el

]

1. Fill factor values ranging from 526 to 74% with a
mean of 69.62% are apparently low and implicity

portray diffiemlty in digging.. Furthermore a

decreasing trend of f£ill factors within the study

" peried leaves much to be desired. . 73

2. There are no significant differences in £ill(}ime
(digging time) for the various blasts considered,
Nevertheless a £ill time representing 30% of average
ayclz time is a cause for alarm as it portrays tight
digging conditions resisting dragline bucket
penetration. - '

3. -The maximum productivity ever achieved among the :

plasts considered is 2655 BCM/Pr.Hr whilst the
theoritical mwaximum dis 3082 BCM/Pr. Hr. This
substantiates the argument that there is rocm for
improvement if related drilling and blasting
problems are corrected. Y

4. The choice he“::wéen ash and crushed stone as a
decking material should be further investigated even
‘though thy greatest dragline productivities were
recorded with agh decking. Crushed stone was not
used for this test programme. In spite of that if
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Low“pr;odqptiviﬁies were found tc be associated with
higher powder factors szmply bﬂcauspeﬁ the effect of

increased powder factor(through full column charqe)'

- 18 negated by using an exceseive drill patw)tern A -

3

(10.5 x 1im). . It is envisaged that with' the
recomendqﬂ afill pattern of 9.5 x 8.5m and powder

factor of 0 49 kg/n®, fragmentation w:Lll be improved

and as a consaguence hxgher dragiine pradlictnrzty

‘can ke expccted.

a =

) In relg.ti__.'nq dragline productivity to fragmentation,

three scenarios®are revealed and explaified: ;]

- Good fragmentation, relatively easy. / digging
‘but VoD are found to be below characteriatic
-_values. Rocks in this area are weaﬁ, and the

the same delay is used for . both top and bottom
charges tien (pir decking is found to be the most
appropr:.ate. N

[

(5]
)

use of smaller drill pattern as ﬂell aa ash -

decking account for this cccu;.*rence.' Thig

= justifies the use of a lme VoD pfoduet for the -

Syferfontaln operation. i
- Unfragnanted sections, 4Qiffic lt digging and

VoD below characteristic Valuea & This is
blamed on very . low VODs resultlng An a
sigrnificantly low explosion presgure; oubt-of-

vl

sequence firipg and hlowout}s and poor in-hole
delay performance &re also contyibutory
factors.

/ ~ Good fragmentation, ux_;iform‘ﬁ_ VOD but poor

dragline performarce. Shocfing in place
rebults in tight muckpile resisting bucké't
penetration in spite of apparently good
;_‘_,,.,'fragm;entation.' Operators® performance is ‘aiso
a con;:fi_buting factor. \ '
7
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| 'not enly to blasting performance but .
Thus the influince of the
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DT v Evaluption of thes operatprs performance’ revealed i.n
) _ vivid terms that the low dragline produc:i:lvmzés oxr

‘etherwise in some specific blasts are aﬂ_‘trihutahle
alsd ‘to

operators ability.

experience factar asaociated with  different

" operators on dragline productivity is il,lustrgtad.

)

: From availabz.lz.ty standpaint, dragl:.ne avhilabilxty

“ of B6% is very satisfactory but a bleak picture of

utihsatmn is portrayed as evidenced by 1l:ha average

o utilisation of 79.67%. This calls for a review or
“ the, mar‘nine schecmling exercise. a -
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COST ANALYSIS

o~

W

IC‘hapter 7 will desZ in qeneral terms with the method of

avaluating the drilling, blasting and dragline costs with
a view to ninimising the overall cost of production. It
will touch baze with such topics as contribution of the
various c¢ost goentres to the total cost, rég}ression
analysis and stripping and mining cost relationship to
production. Basically it will answer the queation " what
is the effect on costs when production is increased by
small amounts on the mine? ", ¢ ore is a growin'g tendency
on the mine to lower driliing and explosive cost.
However, it will be seen later in this chapter that the

- minimum cost may not always be in the best interest to

the “‘u’sreral “mining system. Any reported saving might
possibly havéf been directly or indirectly passed onto the
dragline operations. Often l)ittle or no attentlon is
given to the dragline operatmg cost. In avoiding these
pitfalls, this chapter attempts tc investigate the total
operation as a whole, rather than igolate any one
segment. The cost figures are not actual values but they

are realistic estimates from the authors own judgement_

bazsed on the availahle data, Labour cost is excluded in
the analysis.
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7.1 cblyntaﬁion of drilling, blasting and #raqliﬁe cost

7

*In the am.].ysis “that follows drilling, blasting and

dragline cnsts are the main cost centres each warzanting ’
separate consideration. The drzlling ard blasting costs
are dependent on design . paraneters guch as burden,
spacing size of block { i. e BCM} as well as the quantity
and price of Pxplosivegﬁx_ '

7.1.1 "“bzilling cost - S .“f

Consider a block of aize 406820 hank cubic meters with
desiqn - parameters as follows:

: o I.J.;l'} : :‘:\N = P
BCM - = 406620 - " o
Burden (B) v . = 8.5m b

spacing {S) : = 9.5m

JDepth of helie th) cee 28m
. 5
The number of holes {N) to ha drillad in this block is
calculatad{ﬁrom the relation: ' LEES ?
N=BeM / {(BXSXh) (18)
. i _ - ) '
I.e Number of holes (N} = 406620 / (8.5 %X 9.5 x 28)
= 180 holes
The driiling cost per Bcn‘can tharefora be estimatad from )
the equation* /

uxhxc, (P x BCM) " (19)

where:

=
)

= Number of holas ~ 180

Depth of hale « 28m

Ch = Cost/Hr R260.75/hr
P = Préjuction rate - 39m/hr

o g
¥
1

i

N



7.1.2 Blasting Cost

;-

% [}

The drilling cost is c.iculated from =qn (19) as

= (180 x 28 x 260.75) / (39 X 405620)
= R 0.0829 / BCM

The drilling cost for all the 12 blasts (blocks) under
investigation (Refer to Table 6.3) are'calgulated using
the above methods and the results summarized in Table
T.1."

& !
o

Fefore considering the hlastinq cost it is advanfageoua

‘at this point to review a lbading configuration of a

typical blasthole. Assune that the plast hole is charged

. thus:

. Stemming height {8) = sm
- Top Charge of Explosive (Et) = 5m
Decking Leéngth (D) = 5m

. Bottom Charge c. explosive (£b) i2m

Length of explosive coluwm (i) = Et + Eb {23)
=5 4 12 = i?ﬁ

Assume further that the Explosive Mass per column rise

B Iy -

o

Explosive mass/Column rise® (Kg/m) = 67, and
. Cost of Explosive}Charge’(leg) = 1,016

Then Total charga/hole = mass/column rise x charge’ length
= §7 ¥ 17 = 1139 Xg/hole
- Explosive Cost/hole = Kg/hole % Cost/kg (22)
- ) = 1139 x 1.01§
. = R 1157.22/hole

2

Mine standard valuves are ugéed .
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b 4 costdéf Accepssories :
i.e {hoosters, Nonel, Delay}? = R41.76/hale

=

< . ’ B ’

Then

Blasting Cost/hole

%157.22 + 41.76
= R1198.98/hole
Now number of holes = 180
Theg?btal'alahting Coat is domputed from the_relatia;;
1%e%x%_m5r”¥“m“m““é#
where ) o 7
By HHthal ﬁ aating.Coét - R

By = Blasting Cost / Hole - R/Hole
. Ny = Number st Holes

W

C.Cr "'. Tot“al Blaﬁting cos“‘f‘ = Rllgs.gs f Hole X 180[[ ,%l

. EENE ‘= R 215 816.40
' The Blasting Cost / BCM can be computed from equation -

Total Blastihg Cost

s Blasting'fost / BCM = e - (24)
\ . Total BCM
\{:% - Ca
/S VI 215816.4
406620
£y —
- '““?\gl S ;
133 :
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o
S = R 0.531 / BCM
. : . _ 0
9“ i.e Blast;ing Cost / BCM = R3.531 / BCM
[\ B ; Lo . - u B - - )

&

Lol

, Presented in Table 7.1.1is.the blasting cost for the
" various blocks under investigation which wore computed in
a manner similar to Hhe above. ’ :

7.1.3 Dragline-Coat

. ” The dragline cost £& calculated simply from the cost per
' prﬁductiop” hour (inclusive of ownership cost) and the
rikber of pzjg_d_mzion hours used f£or digging any
particular bilock.
Pof instance for block 320587 rated as the best blast
nmp}ber of production hours = ':188.06 .
Cost per production hour = 1208.71
Bank Cubic meters (BCM) = 406620
y L
Qest/hr x Hours (1: production
Dragline Cost/BCK = - - (25)
. Bank Cubic Meters "
i o
_ i208.71X188.06 _
406620 . .
'\‘J !\

= RO.5590/BcM |
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The total cost is the sum of the drilliing, blasting and
dragllne cost. Thus J

Total Cost = Drilling + Blasting + Dragline cq?t {26)
0.0828 + 0.531 + 0.5590

= R 1.1728 / BCM ' “

~ The draéline'cost'as well as the total cost for all the

-blocks are also shown in Table 7.1. To facilitate the

gomﬁutation of the costs a spreadsheat was developed by

thq"author based on the above analysis and a typical

output is shown in Table 7.2. It is from this spreadsheet

that Table 7.1 is built. The next section discusses the

" relationship between cost and dragline produbtﬂiciﬁx and

f \? concludes with a regression analysis as well as the

S5 eubnamiq zmplications of the changes in design suggested
"earlier.

7.2 BStripping and Nining Cost Relationship te Production

The figures in Table 7.1 répresent.the_drillinq, blasting
and dragline costs for the various blocks. Also shown on

“the table ars these costs expressed as percentages of the .

total cost. To illustrate these graphically Figure 7.1
., bresents the percent distribution of these cost centres.
wﬁm It is remarkable that the drilling cost is insignificant
as it contributes only 5.44% to 6.91% with a mean of 6%

to the total coat. The blasting cost ranges from 33.33%
to 45.26% with a mean contribution of 38% to the total

cost. What ig of paramount concern iz the dragline cost
which contributes 47.7% to 62.0% or an average of 55.94%
to the total cost. To reduce the overall mining cost the
best place to start ie the operation with the highest
individual cost, in'thEucircumstances; the dragline cost.
This is because reductions in this cost can produce the
most significant reduction in overall cost (Bucyrus-Erie
Company, 1976)}. This means that any ch&ﬁge that may
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TABLE 7.1 COST ESTIMATES FOR Dﬁ!!..LlNG, BLASTING AND DRAGLINE OPERATION

~ BLAST | BLOCK | VOLUME | NOMBER | | __
DATE | NUMBER | INSITU |OF HOLES COST PeOF TOTAL| COST
(BCM) - (R/BCM) | “COST | (R/BCM)
1 {2) {3) 4} - {9y {19} (11
23/2/93 | 3205109 396130 164! <0078 5.54 0,496 35.46 0,826] E9.00 1.400
26/2/93 320587| 406620 180 0.083 7.07 0531 45.26 0.589| 47.67 1.173
03/3/93 320576] 257880 a7 0.07C 5.96 0,452 " 3817 0.661 55.87 1.183
10/3/83 320575 806226| 114 0.089 .19 0.443 £9.64 0.606 54.17 1.118
18/3/93 320543 241208 85~ 0.0686 99| 0.423 3836 o06idy B5.65].  1.101
25/3/93 320831 508754 168 0,062 5.13 0.396 3286 0.7471.——§200] 1,208
30/3/23 3205011 185092 62 0.063 6.91 0.402 44.23 0.444 48.87 0.908
| 01/6/93 | 3206108] 542706 185 0.067 §75] 0.4 36.85 0.671 57.40 1.169
OB/6/33 | 220678) 194400 65 0.083 5.44 0.401 34.82 0.658 £975] 1.151
11/6/93 320676] 264230 114 0.058 —8.23 0.378] . 30,80 0.507 53,89 0847
i 18/6/93 320665| 276750 961 D065 5.20 0.416 33,33 0.767 | 61.47 1.248
__29%6/93 320643| 453466 166 0.069 6.01 0.439 38.49 0,633] 5551 1.140
AVG 344580.25 0.068 5951 0.434 3811 0644 58.937 1.145
. 816 114438.75 0.007 0577 0.042 3,698 0.104 4,275 0,123

It
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Table 7.2 Typical Output of a Spreadsheet for Cost

- f Computation

A] Calcutation of number of holes

1BCM

Burdan
Spacing
Depth of hole

* Nufnber of holes

B} Calzuiation of drilling cost
Mo of Holas "‘
Depth of Hole
Cost/tir
Production rate {m/hr)

* Drilling cost/BCM

C] Calculation of biasting cost
Stemming

Top Charge

Beck

_Bottom charge

Explosive mass/column rise

* Total charge/hola ’
Cost/charge (Rfkg)

* Explosive cost/hole .
Accessories (boostars, Nonel Delay)
Total BCM

Nun'bar of Holes

* Blasting cost/ Hole {R/Mala}
* Totaf Blasting cost {R)

* Blasting cost / BCHM (F/BCHM)

D} Calculation of dragiine Cost

Cost/Pr.hr
Number of production hours

* Dragline Cost / BCM
TOTAL COST

flflHl

L

I HRNanR

It (| I

il

85
2.5
27

180

180

260.76
39

1 oo

1

67

1138
1.016
1167.22
" 4176
406620
180

1198.98
215817.12

.53

1208.71
188.06

0.558

t.170
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% OF TOTAL COST
70— 5

o 1 4 Ll H H ] [ 1 + - T I
5109 SB? (878 875 543 531 501 6108 678 €75 685 43
: BLOCKS
~— Drilling ~- Blasting % pragline
. A Y -

Figure 7.1 Contribution of the Varigus Cost Centres to
the Total Cost ) “

N . . -

: ' 3 . '
result in increased drilling and blasting cost but which

can possibly enhance dragline productivity. will,

qrastically reduce overall cost.
Z7eZed - Regression amalysis on Cost

Figure 7.2 illustrates graphically the.éosthrelationship

to productivity (BCM/Pr.Hr) for the blasts (blocks) under

investigation, the raw data of which is presented in

Table 7.1. The following points are visible from the

graph:

v The " drilling and blasting cost is relatively
constant and smaller than the dragline ceost. '
-~ The dragline cost is the most determinant
Factor, accounting for 60% of total cost. A

decreasing trend of dragline cost with increasing

productivity is evident.
- The total cost -as for the dragline cost declines N

w
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1.6

— Drill & Blast —+ Dragline

COST (R/BCM)

) Gt

. 1463 = 1618 1801 . 1910

BOM / Pr. He.

¢ Total Cost

[

_FPigure 7.2 Relationship Betwsen cost and productivity

- BEBxisking FPractice at Syferfontein -

with an increase in productivity.
For productivity in excess of 2655 BCM/Pr.Hr {(the
maximum ever recorded during the study period),

dragline cost is likély 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 realised. It is
important to recall here that +the theoretical
maximum productivity attainable by the Marion 8200m
dragline is 3209 BCM/Pr.Hr. There issﬁhgrefore no
gainsaying the fact that the drilling_auayflasting
practices on the mine must be impravedgﬁﬁ-aSsist
dragline diggability. N

T

Regression analysis has been conducted to verify the
relationship between the .cost and dragline productivity
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Figur 7.3 Regréssion ina;isis of Cost Versus
Productivity _ , .
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This has led to the following deductions: ) gw;\\

)
o

- the dragline cost is linearly related to dragline
productivity by the regression eguation

¥y = 1.2473 -~ 0.00031X _ {27) s
with a correlation coefficient of 0.987. 7 R
Where: Y = dragline Cost © - R/BCM ¢

~$ = Dragline Prdductivity - BCM/Pr. Hr.

- ““the total cost is also linearly ¢orre1ated"to the
dragline productivity in accordance with egquation:
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Yo = 1.07768 = 0.000354X ........ (28) =

T g

4

£l ccrrglaiion coefficient being 0,288

)

~ there is no linear correlation hatween the dr¥iling
w Aand ‘blasting cost and dragllne productivity 3110e
=, the correlatlon »oeffxclent is .14, § .

==m3
?|

f . :
The dragline cost is also found to exhibit perfect iinear
correlation with the total cost as depicted by Fig 7.4

-
-

@
. b )

]
b

TOTAL COST RGN
. &
i

o8
UPAGLINE COAT (RBCM] |

. < - . h =

Figure 7.4 Regression Analysis: Dragline Cost versus
' Totil Cost

/The correlation equation is as follows: =

Cp = 0.27348 + 1.12174C,

Cp = Tatal Cost
Cp = Uragllne Cost
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of /162 BCM/Pr.Hr.

The cﬁrrelatiqnvcdefficient is 0.90. The eariier ci&im
that the dragiine cost is the one to be-targeted to
achlevé meaningful cost reduction is thus cmnfirmed.
Ibbnxcally this iz the area lezst exploited Ly the mine
when embarking on any cost reduction exercise. The
doonsday attitude on <utting back on explosive cost as a
cost reduction stratagy should be reviewed. In chaptﬁr
four which dealt with fragmentation, the existing
practice on the mine was reviewed using empirical

relations as well as a model aad some changes were

guggesied. As a Tresult the next section attempts to
quantify the cost implications or benefits to be derived
from jncreased productivity if the prapa$ed changes are
implemented.

Qa

2.2.2 xconouic Inpl seazions of The ?rcpoa-d
Changss In Design N

- In chapter 4, some chanées in design were suggested. This
. Section analyses the cost implications of the proposed

changea and uses. the design parameters of Block 320587
(L. /ed as the Dblast yielding highest dragline

_productivity) as +the base case. The changes” ave
summarised in Table 7.3 and graphically presented in

Figure 7.5. In reference to Table 7.3 the original drill
pactern is 10 x 10. 2m at a current dragllne productiv1ty

M
FA]

A change over to a closer pattern of 8.5 x 9.5m will

necessitate driliing 38 additional he¢les, The drilling
and blasting cost then increases from R D.44531/BCH (Point

A in Figure 7.5) to R 0.5247 (Point B) which represents
a 17.88% cost increase. The dragline cast (D on Flgure
7.5) apparﬁntly remains unchanged at R 0. assfacn as it is

independent of the number of holes drilled or guantity of .

explosives used. Point F on Figure 7.5 represents the

I ¥ o 3T

i
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Table 7.3 Cost impications of the Proposed Changes @
) @
PARAMUETER | EXISTING IPROPCSED IMPUCATICNS OF EXPECTED [EXPECTED : '
' PRACTICE! ‘CHANGE PROPOSED CHANGE RESULT AT SAVINGS OVERALL REMARKS «
(3082 BOMAD) | _(RIBCM) _ .
' 10¢il paitern ) 10x16.2 | 8Hx85 38 additionaf holes {a} The proposed-deili pattern (8.5 x 8.5)
. and powder $sutor {0.5 kg/m3) requires
Powder factor 0.4-0.49 0.5 Represents Company's average. af economic braakeven point of 2256 BOMIK,
. ‘This represents 17% and 4.3% improvement
iit & Blast 0.4451% 0.5247 - 10% ahove company's above company's average production of 1327
cast {RIBOM) ayerage and ewrrent production of 2162 BOMH resp.
- 17.88% cost increasse ' ’
joragline cost 0.559 _ 0.558 ' 6.292 0262 (k) At tho opimistic end, 3082 BCM/H praduction
_{(RIBCNR : {48% less) level or B0% improvement above average, estmated
: - ] ' cost saving of RO 322/8CM is envisaged.
Total eost 1.01414 1.08373 6.86% cost {.6868 0.328 . This acially represents 16% abave the muaximum
PAnM increase {32%: lesa) s2v0gs ever made at 2655 BCMH production:.
- )
Produstivity Requires 2256 BCMH o (<) The dragiine cast and total cost are related
{a} average, - 5827 byeakevenie 17.15% 3082 BCMMH te productivity as follaws:
{b} current? 262 2 4.3% above company’™s (6084 increase} -
: auerage and current fevel Deaghine cost: = 1,2473 - D.00034X
e of production respectively. Total cost . ¥ = 107768 - 0.0&0354}{ A
where X = HOM/Pr.Hr.,
R
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Figure 7.5 Cost Implications of The Proposed changes
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present total cd_st of R1.01414/BCM and with the changes

increases to K 1.035713& (Point H on Figdre 7.85). This
in affect represents 6.36% increase. |

The horizontal line FG shows the total cost assuwing
there is no increase in productivity of the dragline with
the changes and thus depicts the economic breaKeven
scenario. As obsetved through .thLe regression anal}sis
{section 7.z.1) the driliing and blasting cost showed
apparently no variation with éragline productivity, hencs
the line BC. It is envisaged that with the recommended
changes In design a dragline productivity value 'of 3082
BCM/PY.Hr., cal{ be attained._ {The theoretical maximum
attainable is 3209 BCH/Pr.Hra The dragline cost as well

.ag, the total cost can be computed for this level of
productivity from the regression equations (27)nanﬂ (28)

in section 7.2.1. Points E and I therefore represent the

:draglina and total cost raspectiv«aly at the optimistic

end of the scale (3082 BC!&/P: Hr.). DE and HI therefore
indicates the cost curves )It::r the dragline and total cbst

-respactively at the Yarious levels of dragline.

productivities. It is worth mentioning that the company’s
average and current productivities are 1927 BCM/Pr.Hr.

- and 2162 BCM/Pr.Hr. respactively.

The following are remarkable from the graph:

~ . Beyond point J, the breakeven productivity of 2286 .

BCM/Pr.Hr., the projected total cost (JI) is bound

to be lower than the existing total cost (JG). This

implies that the propesed changes require dragline
productivity of 2256 BCM/::°,Hr. to breakeven: Thie
rapresents 17.15% and 4.3% above the company’s
average and curreat level of 1927 BCM/Fr.Hr. of
production respectively . |

-  For productivity in excess of 21%0 BCM/Pr. Hr. (Po:v.nt
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COST SAVINGS (%)

»

' K); the dragline cost wotld be lower than drilling

-

F

‘and blasting ‘costs in the projected scenario and

sxgnlficant savings in dragline cost can be sxpected
as seen in section 7.2.1. f

The difference between FG and HI at any level of
productivity keyond Point » manifests as cost
saving. Figure 7.6 .therefore showe the cost savings
expressed as percentage of the present total cost
ta be expected at the varlx lavels of
productivity.

NRBELBS2GBURSE

S 00 T e S Y T IR O S 0 I N I I

.- 28

2

N

N

ko - zsoo o5 3100
SRODUCTNATY (BCMH)

Figure 7.6 Percent Cost Savings Versus Productivity

At the optimistic end of the scale, a 3082 BCM/Pr.Hr
production level or 60% improvéinent above average, an
egtimated cost sévinq of R0.328/BCM is envisaged which,
to say the least, is a very significant saving. This
actually represents 15% above the maximum saving ever
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%f:;?gdbgaity can therefore not be over-stressed.

Pl

o

made at 2655 BCM/Pr.Hr. ievel,

. To put this figure in perspéctive consider the block
- under investigation which has a size of 406620 BCM and

was dug within a two week period by the dragline. The
savings in Rand terms is : :

R 0.328/BCH x 406620 BCM = R133,371.36

In all aergginty, these are large chunks of money
realisable within two weeks at the said level of
productivity. The need to, improve the blasting technique,
rather than economising on explosives, to'asaist.dragline

7.3

1.

it

Sumwary of Chppter

The abavé cost analysis has revealed a contribution

- of 39% by the drilling and blasting operation to the

total cost. With the greatest c;:m‘b;:'ibutién by the
dragline (61%) all attention mast he focused here as

this can produce the most tangiblé advantage in any
' cost reduction effort, It stands to redson that any
change increasing the drilling and blasting costs -

with concomitant reduction in the dragline cost is
bound to reduce the overall cost drastically

&
5]

A declining trend of dragline cost and hence total
cost with increase in production is established. The
coﬁpany's minimum target should be 2655 BCM/Pr.Hr to

.achieve cost savings. At the optimistic end of the

scale, ie production level of "3082 BCM/Pr.Hr., a
wost saving of R0.328/BCYM is envisaged. Thig figure
is not unrealistic if related dr®lling and b’dstlrg

prohlems are critically addressed. = E

|
ad
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The company’s dragline cost and total cost are
related to productivity [X) as follows:

Dragnn:gaost: Y = 1,2473 ~ 0.000310%
Tutal Cogt: Y = 1.7768 - 0.000354X

where X = BOM/Pr.Hr

Furthermore the dragline Cost (C;) is related to the
total Cest (C,) by the regression equation.

with correlation coefficient of 0.90.
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CHAPTER 8

'CONCLUSION AND RECOMMENDATION

8.1 COnclﬁsion

The axistimq practice {design) on the mine has been !
chitically reviewed and empirical relations used whera ~

appropriate. Fragmentation has been assessed through a
nmodel and sensitivity analysis has been conducted on key
variables that affect fragmentation. The following
results are quite evident: '

- The burden and spacing used on the mine ars
incompatible with the blast hole diameter {a
major determinant of the burdennspacing'ratio)
and appears to be too much. A burden and
gspacing of 8.5 and 9.5netres have been
reconmended which, to all intents and purposes,

will minimise the damaging effects of using e

.excessive pattern and yet achieve, at the loweat
pogzible cost, the required breakage,
displacement and muckpile looseness for: an
efficient digging of the dragline.

* « The 42ms and 67ms surface delay intervals

‘between rows do not practically conform with
the existing drill pattern. aAn 84ms delay
interval is appropriate for the rpEéommended
drill pattern and will reduce g;e tight
muckpile characteristic of causing hard
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digging, low productivity of the dragline and
increased wear and tear of the drag_].ine teeth.

- fhe powder facturs used are not expected to
jeopardise fragmentation. Contrary to expactation
fragmentation problems do exist and ware found to be
partly attributable to the excesgsive drill pattern
used in certain blasts. Aqainat; the background of -
t‘ragmentatj.ari problems  in spite of apparently
satisfactory powder factors, it was imperative to
noniksr gertain blasts.

The usefulness of monitoring blasts through velocity of
detonation measurement and hlgh speed photography in

_ rapidly ‘and , cost effectively identifying blast

performance related probléms ars thus illustrated. The
advantagqts of backing up VOD measurements with high speed
photoqra]gahy are also realised. Three blasts on decked
holes and three others on full ceolumn charge (no decking)
have been monitored and the resalts indicated the:
followin{g: '

- Unsgatisfactory performance of the explosive emulsion
E-6000 of relative density 1.31 as in 39 out of 42
caa;ies it detovnated below characteristic VOD. This
situation uneguivocally led to fragmentation
problems in certain blasts. Explosive was gassed to
density 1.15 or 1less and three blasts were
monitored. All the holes except two fired within the
characteristic range.

-~ Some performance-related problems such as th}iable
detonation results, top primer firing before bottom
primer although timed to ;ﬁ.nitiate the reverse,
misfires and very low VOD.E have been uncovered
through VOD neasurements. It has been mcre than
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amply demonstrated that the foregoing are partly
responsible for fragmentation problems and hence low
dragline digging efficiencies. A number of factors
may have caused inconsistent explosive performances.
The scope of the monitoring ¢did not, howaver, sxtend
to identifying the causes of the variable
performance of expiosives. "

The results from high speed photography also
indicated that out-of-sequence firing occurred in

. three rows out of eight. Also failure of cne row led

te overburdsning of the subseguent xrows, blast
becoming choked and more blowouts observed. This
accounted for a completely unbroken section or-
"Table Top Effect® on that blast.

It has bheen conclusively demonstrated that the 25ns

-in~hole delay interval, i.e top 525ms and bottom

so0ms, is simply inadequate as 7 quk of 9 cases
(77.78%) a distinct dewiation from expected scatter
was observed. Statistically this assures 73.24%
confidence of deviation exceeding the allowable
scatter, a situation which could result in bottom
charge desensxtiamg the top charge or explogsive
column in ad:;ac:ent holes.

The best way of utilising the air bags for decking
should be investigated further, since indications
are that slipping of thELbaqs does occur. This might ~
have been the reason why some »f the flares did not
ignite. )

‘!fi

Dragline productivity has been reviewed in the light of
the productivity indices, viz, Bank Cubic neter per
production hour (BCM/Pr.Hr.), £ill factor (bucket factor)
and f£ill time, and bas essentially been related to
fragmentation. It has been established that dragline
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productivity falls short of expectation. The BCM/Pr/vr.
was found to be: the most satisfactory productivxiy
measurerent criterion and as a consequence received
preference in assessing the draqline performance. * This
was found to show noticeable fluctuations for the
different blasts investigated. A study of the £iil

factbrs for the various blast places a question mark on

dragline productivity as it has gradually, and yet
noticeably decreased over the study pericd. Generaliy
speaking, from availability standpoint, ~dragline
availability appears satisfactory. Nevertheless a bleak
picture of utilisation is portrayed as evidenced by
average utilisation of 76.67%, a situatior necessitating
a review of the machina scheduling operation. '

in relatinq dragline diggability to fragmentation the

following scefaric are encountered: =~
scenp=los
- Good fragmentation and relatively easy digging"
 although vODs were found to be below characteristic
values. Rock in this area was found to be weak and
the use of smaller @rill patterns accounted for this
occurrence. Fractﬁring‘_ ‘of * the rock does not

necessarily ryquire that much high VOD'of emulsion

ie 4700 - 5500 m/s. This justifiss the use of low
VOD products for the Syferfontein operation.

- Unfragmented section, difficult digging and VoD
below characteristic values, This is blamed o) very
low VODs recorded in some blasts resulting in
significantly wvery low explosive pressure, out-of-
sequence firing and blowouts as well as poor in-hole
delay performance. -

..|f

~ Good fragmentation, uniform VOD but poor dragline

performance. Shooting in place results in tight'

muckpile resisting bucket penetration in spite of
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apparently good fragmentation.  Operators®

performance wag also found te be a contributory

factayf The importance of evaluating the ocperator’'s

perfnrmdnﬂe as a key parameter influencing dragline
_' productiv:.ty 15 also illt.strated.

cost,analysis revealed a contribution of the drilling and
blasting cost of 39% to the total cost (Table 7.1). With
the greatest contribution by the dr&qline“'cti;st (61%) any
change increasing the drilling and blasting cost with a
concemitant reduction in the draglind Jcost is bound to
reduce. the overall cost draat:.cally. Attention must
therefore be ret‘ocussed on thé dragl.tne. cost as it w:.ll
produce the most tangible advantages in’ any cost
reduction effort. G d '
~" A change in drill pattern haa been proposed with
the new drill pattern of 9.5 x:8.5m and the cost
implications %pal/za?. Any dragline productivity in
excess ‘of 2655 BCM/Pr.Hr. would result in coat
savings to sone extent. It is env;.sl.qed that at the
optimistic end of the scale, i.e a pr :.*.u\ct:u&n level
of 3082 BCM/PriHir. (the theoretical matwlﬁfu:\?z being
3209 BCM/PJ: Hr), a cost saving of RO. 323/BC:H can be
realized, - D)
- It has been found through reqress:.on analys:l.s that
" the companﬁf's dragline cost and total cost are
4 related to ‘ﬂ:rodur-t:w:.ty as follows:

Dragline cost: ¥y = 1.2473 - 0.000310X
Total cost: Yy = 1.7768 ~ 0.000354X
Wherea: X = BCM/Pr.Hr.

Furthe::more"’fzhe dragline cost (C3) is related to the
total cost (Cy) by the regression eguation

o

Cp = 0.37348 = 1.12174 G
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8.2  RECOMMENDATIONS. - o »

Thé® foregoing has evaluated the existing design on the -

aine and_ uncovered the reasons for low product1v1ty;cf‘

the dragline through blast monitoring and fragmentation

assessment. In the light of the findings the fallowing
recommendations are worth considering:

1. Emulsion E-6005 of relative density 1.15 (cauﬁﬁ“va
for density 1.31) is fouml to exhibit a satzsfa
leyel of performance ane ;&s use nust be ancouraqnd g
It is recommended that th¢ VOD of this explosive be
reduced to further enha'm_ its breaking capability

"~ in the weak rock. A T S

2. necking is recommended if the ‘shale 1ayer is
- 1nterbedded.betwean sandstone layers. However it the
shale layer disappears then a full column charge
must be used. The choice between ash and crushed
stone as a decking materjal should be further
investigated.
3. .The in-hole delay of 25mws (Top 525ms and Bottom
| 500ms} gives unacceptahle~scatter and its use should. .
be discouraged. The in-~hole dalay interval could be
;ncreased to 50ms , i.e tup charge 500ms and bontom
mcharge 450ms. Alternatively undelayed blast ‘Ghuld:
yield equally acceptahle results in vhich gase top
charge flring time as for bottom charqe should bé
350ms.
_ N
4. TFor surface delay cunsidefation an B#ms“tdelayc:\
; interval would produce the necessary loose muckpile
and enhance the dlgglng capabllity of the dragline.

5. If the mine wants to reap the benefits of incréased
produ$tivity of the dragline and reduce cost, the
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dzill pattern of %.5 x 8. Sm aend powdert; facﬁor of

0.49 Kg/m* can be used.

For such a changs the gypical loading confzguratim: o
for a I7m hola will be as follows.

. Stesming to surf.ace = Bm 2 - o

Top charge’ = 51 __ \5?-,;
Stemming deck = 5m , o /e
Bottom char’ge = 123 '
. Iy
"rotal explasiva weight[hole = 1139_!ﬁé -
BCM/hole = 2713.2 ¢
Overall Powder factdr = b,49Kg-{m= -
'_ Caat implz.cauion of the proposea charges are L7 .
followss o S 59 ; o
- . : ) o~ @

Drilling Cost .(R/BCM) = 0.0827 - .

Blasting Cost (R/SCH)'=. 0.4419 |
: Dragl:i.ne Cost (R/BCH) =,0.55%

Total Cost - .08373

t i # }‘ it

" he mine can use the calculatian simi“lar to tha.t in

section 7.1 for the estination of drilling, h.taating'
and dragline cost. From the production viewpoint the
following reé;re.ssiog equations can be used to
estimate the 'i:lrag_,'r'line. as well as the total cost:
Dragline Cost: ¥ = 1.2473 ~ 0.000310%
Total Cosi: Y 1.7768 - 0.?910351{

=

Where X = BCH/P:.-.-H:'.

. ._ .
These ei;uationse- wc;ﬁld; te all intents and purposes,
serve as a useful guide in guick “assessment of cost
at any prodiction level. R :
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10.

Few changes such as drill pattern and pf:waer factor

" have been suggested., For the other design

considerations, maintain the status quo.. A typical
example is given in Appendix E. _
In order to affectivéi.ir, strategically and
economi;ally monitor the dragline productivity, it

is suggested that “he dragline budget should be

based not only on volume of waste moved per unit
time i.e BCM/EBr.Hr but also thg cost per bark cub.w
meter (R/BCM).

o ' a iy
"

'I'he ope'raturs* performance needs to be assessed

periodically to keep them on thelr toes. One should

also not looss gight of the fact that for effsctive
dragline digging, the bucket should be dragged from
the floor uy so that gravity can assist in quickly
filiing the bucket. The freguency of dragging the

- puciket on the surface must be ninimized as it

prolongs the £ill time which in turn manifest as
production cost increases.

Given that fragmentation related problems are
addressed, it is further suggested that the
dragline scheduling be criti( illy reviewed in
order to more efficiently im;-,row» its
utilisation. The high capital intensity of the

dragline operation justifies this argument.

Wiuth the closer drilling pattern, improved powder
distribution, improvement in operators’ performance, well
organised dragline. scheduling AAnd increased delay
interval to eliminate tight muckpxle, savings could
results from the following: '

*

7

Increasad loading rate and hence mcreaaed dragline
productivity and reduced fill time.

Y
i
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Reduced bill for wear and tear.

]

Lower power consumption.

" Reduction of wvibrational levels. &
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APRENDIX A: SGHMTIQ OF THE DRAGLINE DIGGING MODEB -

b
Bl

/tmsm ITAL Eaw
e i

iy

Lt

Apﬁendix Ai: .flan and crosgs sectional view of a Box Pit,

Side Cut Mathod. 0
D : .

Appendix A2:

L]

Dfagline using the simple side caSting ;
stripping method. ) §
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Appendix A3z Plan and cross sectional ﬁiawggf a simple .
side casting Method Jilustrating the

i
remcval of the indtial key: cuk. ‘
i
25 i
o — . A
l,k a TELIRN L =

Appendix A4: Plan and cross sentional view of the
Advanced Bench produced by the Dragline
" Chopdown Method. ' '
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[[18. Buik density
B. Other Parameters
‘19, Explosive type -

20. Decking material
it 2%, Number of Holes fblast

1.398 @ 1.31 RD

Emulsicn (RD of 1. 31)
5m Ash »

i

APPENDIX D: DESIGN PARAMETERBCP BLAST 320531
- RATED AS THE PCOREST BLAST -
PARAMETERS (_3__ NTITY,
1. Drili Paltern (8 x B) 11X 10 2 i
2. Hole Diameter {d) 250m
3. Standard Deviation {w)- R
i 4. Hole Length () 27.5m
5. Charge Length (L} 17m
Rock Proparties o i
1 6. Young Modulus (Y{f 15 GPa ;
1 7. Rock dens .ty 257 i
8. Poison ratio” 0.25
1 9. Uniaxiai Comprssive Sirength 80
10. Rock Mass Description (RMD) 50
11. Bensity influence (RD1) 14.25
112, Hardress factor 5
13. Rock Hardness index 4.16 o
Explosi;fe Properties
14. Powder factor '(Kgfms) 0.48
15. Kg Explosive [ hole 1234.3
168. RWS of explosve 83.3@1.31RD
117, RWS of TNT 131 ’

22 Delays |
{a) Between rows 84ms
i (p} In-hole Top = 500, Pottom = 500
23. Boosters 336 x 454kg
24, Stemming Sm drill chippings |
25. Crest burden a8n
26. Toe burden 8.5
27. Presplit 3m
28, Tie-in V1 configuration
.29, Detaonator 1x8D ]

" 15;5

\J

A,
‘\'f

€

Exs
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APPENDIX E: DESBIGN PARAMETERS ~ RECOMMENDED CHANGES

]

=
2

m___li_&ﬁAMEif;RS : EXI%‘«_' ,I_NG PRACTICE RECOME_E_N_DEP CHANGES
A. Parameters for fragment size analysis 1" = & " o
1 Drif! Pattern (:o"xB} . 11X10.5m, 10.5x10.5m, 95:85 ' /;;:a
. f 3 e 11x10.2m, 1§ x102m \ o
o 2. Hole Diameter (d) N : 250m \J 2503\ . ok
13. Standard Deviation {w/} i) 6 s - 03 . v
'4. Hole Lengih (M) — ‘ 28m . 28m 0
5. C.l"arge Length (t.) o - 17m - ‘!‘er A2m SR,
* Lm . . . W .
Rock Propetties .
6. Young Moduivs ¢Y) ' 15 15
. ﬁ? Rock dansity " 257 g 257
: @ Poisonratio. o 0.25 4 c.2%
=y 9. Uniaxial Comprasive Strength _ 80 T 8% o
od) 10. Rock Mass Description (RMD) 50 — 50
11. Density influence (RDH = s L1428 - N 1 4 25
12. Hardness factor = 7 - 8 .
13. Rock Hardnass index “e : 478 Y 16 .
Explosive Fropertues . ' N
)
14 Powder fac;or (Kg!rn3} 10,39-049 - _ 0.48
15, Kg Explosive / hole T - 167 -1449.4 1139
16. RS of explosve ' i 833@131RD . 1825@ m 5 RD
17. RWS of TNT . TR A3 - 131\
18. Buii density ' 70 ' 12398 @131 RD 1 323 @115 RD
- ) J:I/ . '..‘_:_--\_:‘D - ) . .It
i8. Other Parameiers . .‘“\ S - o
1 g _
'19 Explosive typa " o E-EDOU {RD3{1.31) Emulsion {RD o 1 15)
, 120, Decking material P -5 Air. Fuil Colurnn Sm Ash -
21. Number of Moles fAlast _
22. Delays . . .
{a) Between rows : 42ms. 87ms, 84ms ~ 84ms o
{5) In-nole o Top = 525, Boltorm = 500 {3%0ms or
e - Top = 800, Bottom = 500 Top = 580, Bottom = 450,
23, Hoosters (170 - 336) x454ka_ 750 x 454kg :
24, Sternming . S dril! Chippings Sm Grilf chlppmgs
25, Crest kurden 5,5.75.6m "Bm
26, Toe burden 85 8.5
27. Presplit - 3m ' 3m
28, Tie-in - " V1 configuration V1 configuration
29, Detaonaior E ' 1x8D - " 1%x6D
s : V1 configuration =
160
o ¥
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