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Although the cutting costs were encouraging, there were three
areas of concern which needed to be addressed: blade jamming,
rig design and the relationship of blade diameter and the depth
of cut achieved.

The biggest problem discovered to date, was that of blade
jamming in the slot. Three causes of blade jamming were pro-
posed:

- spalling of rock onto blade
- closure of slot onto blade
- moving of rig/saw causing distortion of blade.

The equipment was relocated to President Brand Z Shaft to the
high stress stope, to determine whether stress and closure of
the slct was the main reason for blade jamming. In addition, the
rig was modified tc give it more rigidity.

During the trials spalling of the rock onto the biade, as « cause
of blade jamming, was ruled out as no pieces of rock were
observed on removing the biade. Initially a reducuon in the
frequency of jamming occurred. However, as tests progressed,
jamming occurred more often and appeared to be related to rock
movement.

This trapped the bhlade at the seqment and occurred rapidly
(through localised rock movement), rather than gradually.

Blade jamming accounted for 4% of the total operating time at
President Brand 2 Shaft but would not represent a major problem
to any future production system. This is due to the {act that if
the bilade jammed the sawing could be continued by another blade
and the jammed blade would then be reieased by the non-
explosive breaking system.
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6.4 Deveiopment of a Slot-Based Mining Method

The test work carried out underground to date his contentrated
on developing a slot-based mining method to compiement the
research being cerried out with the various slotting touls.

The first underground tests were corried out at 30/41 Presudent
Steyn 14 Ventilat >n shaft using the dry abrasice wateriet

cntting equipment.

Initially the cutting parameters (mentioned . 3ection ..5) were
optimised . in terms of performance, Jor preducing depths of cut
in guartzite. Similap findings to the surfuce research, i.e.
increasing depuh of cut with pressure. orificc size, abrasive
flowrate and exposure time, were observed. \'though this test
work proved the concept of slotting hard rc:s undergronnd, the
othoer aspect of the preject, breaking out tr.- ruck between the
slois, was less successful. The method used for these breaking
tests was 4 hydraulic pulse method, referrec to as Flowex (see
Section 2.4), which hydraulically pressurised pre-drilled holes.

The Flowex device (see Section 2.4) could prupsgeie fractures in
hard rock. It did not however, hsve sufficient energy to
liberata the rock from the face.

The end result was that block:. cf gua ite became "keyed"
together in the siope face. Anothar probleis was when existing
fractures intersected the pre-drilled [wles, energy was
dissipated through the cracks instead of beiig used to break the
rock.

Finally, even when circumferential and longitudinal notches were
made in the hole (using ultra high pressure water), (o act as
stress raisers, the device was only 33% successful in removing
the rock from the face.

s
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Needless to say, the use of ultra high pressure water to form
these notches made the process both costly ecd time consuming.

As the aim of slot based non-explosive mining is to intersect
stregs induced fractures ahead cf the face, it was decided to
move to a high stress stope to determine the effect of stress on
breaking. This was carried out by first moving to 66/100,
President Steyn 4 Shaft and more recently to 60/69, President
Brand 2 Shaft.

Operating in a high stress environment has facilitated the rock-
breaking operation to the extent that when the rock is fractured
it can be removed from the face by conventional barring tech-
niques. Breaking rates of up to 1 m3lh have been achieved
using pinch bars, and this could be improved upon, by the use
of hydrsulic impact hammers mounted on suitable support and
traverse mechanism.

Another finding has been, the deeper the slot, the easier it is
to break out the rock between the slots. A deeper slot
increages the chance of intersecting the vertical stress fractures
ahead of the face.

Abresive waterjet cutting is easily adapted to the rork
conditions (fracture spacing), by merely adapting one of tha
cutting parameters (normally traverse speed). Generally the
parameters have been set to produce the maximum depth of cut,
although the traverse speed is different as it directly governs
the cutting and mining rate. Due to the prototype nature of the
dry abrasive waterjet cutting equipment the traverse speed has
been kept low (approximately 30 mm/min) to g reasonable
depths of cut (average = 350 mm) to assisi breaking.
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This gives an average cutting rate of approximately 0,7 mg}h in
underground quartzite. If the dry abrasive equipment was to be
by slurry abrasive eguipment, then this cutting rate

e doubled using similar catting power.

whlems encountered undergreound have mainly centred

ihe positioning and advancing of the nozzie and cutting
smerit, vausing delays to the cutting process. The main
: i for this has been stand-off distance, which is a critical
‘actor in reducing the effectiveness of the dry abrasive cutting
riet. Typically the cut depth would be reduced by 60% with
¢« stand~off distance of 400 mm.

v

A sluppy abrasive cutting jet wouli only loose 10% in depth of
cut wver the same stand-off distance. This would reduce the
problem of negotiating irregular stope faces and the associeted
repositioning tiwe required to maximise cut depth.

Rig development is a crucial area of concern, because it must
supply a continuous steady traverse to the siotting tocl, but at
the same time be flexible enough to negotiate faults and rolls in
reef.

Figure 6.31, shows the rig developed during trials at President
Braad 2 Shaft. The rig consists of 2 m rail sections which are
connected by a {Jexible joint, allowing 7 degrees of movement in
any direction. The rail sections can be moved incrementally
forward, up to 1 m, before they are fixed to the next line of
props.

This cantive rail system enabled excellent control of the stoping
width as illustrated in Figure 6.32. A system which does not
«se a rail (non-captive rig) would require rontinue’ repositioning
to maintain good stope width control.




Figure 6.31 : Face Rig U d for Abresive

Figure 6.32 : Width Control Achisved Using Slot-Based
Mining (President Brand 3 Shaft, 60/68 Stope)

"
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Althuizh slot-mining can address hard patches, by producing
mui: siots in the hard pgtch or cutting the hard patch out by
block sictting (see Section 1.4), these methods were found to be
botl. time consuming and costly. In addition, block slotting
although proved to be practically feasible, requires a more
complcated traverse system which meves the nozzle both
vertically and horizontally. It is for these reasons tat an
alternative hard patch hreaking method is being investiguted.

< e
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7. FINANCIAL EVALUATION OF SLOT-BASED NON-EXPLOSIVE
MINING SYSTEMS

Mechanisation, is generally more capital extensive than conven-
tional mining. Furthermore, in the case of slot-based non-
explosive mining methods, the mechanised operating costs are
usually higher than those presently experienced underground.
However, the increase in production and reduction in waste rock
trammed from the stope, more than compensates for these
additional costs. This is reflected in the overall working coust,
in R(000's)/kg of gold produced, being far less than
conventional mining (typically R 2000 per kg of gold produced).

For these reascns, it is important to identify all the benefits and
disadvantages of a mechanised system and to translate them in
financial terms, to ascertain whether the overall net effect is
favourable.

To achieve this a software package was developed, to financially
justify the efforts put inte the development of a slou based non-
sxplogive mining systeni. This is able to assess the relative
advantages and disadvantages of the slot-mining method. The
main advantages of a slot-based mining sy=‘em are:

- reduced tremming width (by waste packing in stope and
reduced stoping width)

- increase mine call factor (reduced fines)

- increased face udvance (continuous operation)

- jimproved support and environmental conditions
{waste packed ribs or .tonewalls)
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On the other hand the disadvantages are:

- more capital expenditure
- higher working costs

Other adventages/diszdventzfes may be reduced/increased power
consumption, over conventional mining. A program, such as
Heatflow or Ventflow, Von Glehn et al (70), calculates the over-
all effect of heat loads on a mines ventilation system. This
allows the positive or negative effect on NPV profits to be
calculatad.

Diamond Circular Saws use less power overall than conventional
mining. However, Slurry Abrasive Waterjet cutting uses far
more power than conventional mining and is still able to make a
substantial improvement on NPV profits, Figure 7.1.

Power and water (Diamond Saw) accounts for approximately 1% of
the total costs of a slot-based mining system. Hence, in the
overall financial evaluation of slot-based non-explosive mining, it
is mure important to realise the overall benefit of the system,
rather than concentrate on the effect of one single parameter,
such as power.

The financial evaluation pack h jcally illustrated in

Figure 7.2, incorporates a program called Goldplan, Splaine et
al [§2)] (72)_

Goldplan is the name given to a set of ccucepts, expressed in
mathematical terms, which enables many different studies to be
mwade of the broad mining and financial behaviour of a gold mine
in the Republic of South Africa. Goldplan is not a "total
system” which accepts input data and produces all the answers,
but is rather a collection of modelling concepts and calculation
procedures which can be used in conjunction with each other, in
the combination appropriate to answering a specific question.
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Figure 7.1 : Effect of the Slot-Based Mining Methoda on %
Improvement in NPV Profits
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NPV EVALUATION MODEL.

INPUT SCREENS;

# Mining Data #Equipment #8pares
# coneumables # Conv. Mining Dats. # Labour,

f

MODELS;

# Depth of Cut Model. 2

# Mining Cycle Model.
T

QUTPUT;

# Productivities.

# Nonex Mining Costs.
i
QOLDPLAN
1
FINAL OUTPUT;
NPV Profit,

Life of Mine.
¢ Annual s/t Profits.

Pigure 7.2 : Schematic Miustretion of the NPV Evuluation
Modal Developed for Slot-Based Mining




This financial model, 3oldplan, needed to be modified so that it
could address the particular benefits associated with slot mining.
As an example, Goldplan needed to be ahie to address the notion
of weste packing i.e. mining a certain stoping width and hoisting

another.

Front-end software was deveioped to calculate some of the inputs
necessary for Goldplan to work. The user has at his disposal
saveral screens where he can ingput basic operating parameters
such as mining layout, slotting and breaking perameters, des-
cription and cost of equipment, cost ana life of consumable
spares, labour breakdown, conventional mining data and
additional costs derived from "in-house" technical evaluations.
This front-end program also incorporates several models
developed hy T&DS such as depth of cut and mining cycle
models.

After calculation of these models, the program arranges the
results into several output screens such as production and
productivity, costs, ete. This output data is then fed into
Goldplan ana the financial calculations are performed.

The end product of this series of events details values “wch as
Net Present Value (NPV) profit, life of mine, revenues, gld
yield, unpayuble reserves, atc.

A print of *he inputs and detailed results for a typical run, can
be found in Appendix 6.

This is a fairly complex program which can address three types
of siot mining methods, namely:

- ultra high pressure dry abrasive waterjet cutting
- high pressure slurry abrasive waterjet cutting
- diamond circular saw cutting.
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The incorporation of other non-explosive mining sysiewus, slot-
based or not, is relatively easy as this would only require
modifications to the front end software.

The major assumptions used to carry out this evaluation were as
follows:

- The model mine used was a typical deep level Transvaal
gold mine,

- The non-explosive mining deployment on reefs was 33% on
Ventersdorp Contect Reef (VCR) and 100% on Carbon
Leader Reef (CLR).

- Longwall mining was carried out on both reefs.

- A reliable breaking system was available to {iberate the rock
between the siots.

- The stoping width was 1 m.

- The mine call factor of the non-explosively mined panels
was $5%, or an increase of 3% over conventional mining.

- A minimum depth of cut of 300 mm to facilitate breaking
operations.

To enable a comparative evaluation of different slot-based non-
explosive mining systems, it was necessary to define a hase cuse
for each system. These base cases were then evaluated aguinst
the ~eference case, i.e. conventional mining performance.

To arrive at these base case: the cutt’ .g perameters of each

alotting syrtem were set to give a depth of cut of 300 mm. A
depth of 300 mn was chosen, mainly for the following reasons:

P ——
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- It is believed that shallower slots would not intersect face
parallel fractures present ahead of the stope face.

- 300 mm has been achieved by the dry abrasive prototype
equipment underground.

The need to intersect in-situ fractures may well require slots in
excess of 300 mm depth and the iwplications of this will be
discussed later in this section.

The input parameters for these base cases have been verified as
far as possible. However, there is alwayr. a certain amount of
guess work in this type of eval
for this study have been on the couservative side.

jon The ptions aade

.. fure 7.1 illustrates the percentage improwv t in NPV profits
over conventional mining for the three sintting svsters.

One of the findings from the previous "in-house" evaluations was
that, in a scenario of gradual implementation of non-explosive
mining, two major options are available.

The first option, called here “"Run-of-Mine Constant", keeps the
mill full. This implies that over any period of time, more
ground needs to be mined ‘nen with 8 conventional sev up, to
make up ‘or the tonnage lost due to waste packing. As a
result, moie ¢ 44 is produced over the given periv’ of time and
the life ot v e mine is reduced.

The second option referred to as "Gold Constani" keeps the gold
output of the mine at the same vaiue as that obtained by con-
ventional mining. Hence, over any period of time, the same area
is mined, but the mills are working below capacity.
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The life of the mine is, for this option, longer than for the
run-of -mine constant option.

Figure 7.1 clearly illustrates the financial advantages to be
derived from an extensive, shorter lived mining operation.

The .onomic rersng of the 3 siot-based mining systems is also
apperent, the diamond saw system featuring 82% improvement in
NPV profits over conventionai mining, followed by the slurry
ebrasive system .7,5% and, finailly the dry abrasive system with
30,2% improvement.

It should be realised that ultra high pressure dry abrasgive
waterjet cutting has already been financially optimised at its base
case. However, the slurry abrasive and diamond circular saw
systems can stii oe improved with optimisation of their cutting
parameters.

As mentionea eariier largrr depths of cut than 300 mm may be
required for effective rock breaking ressons. When using
circular saws, the deeper the siot n2eded, the larger the blade
diameter required. As the blzde diameter inc~ <:+, so will the
biank (hukbt) and segment thickness. Hence, the cost of the
blade increases more than proportionailly with its diameter, due
to the increased volume of diamonds required. This has the
uffect of decreasing NPV profits with increasing blade diameter.
To off-set this decrease, an improvement in blade life is re~
quired. However, at this stage the relstionship between blade
diameter end blade life has not been established and further
re:seerch work is required.




For slurry abrasive waterjet cutting, increases in pressure,
orifice, abrasive flowrate or exposure would give increased
depths of cut. However, there are practical limitr ms to all of
these parameters. Despite this, although not yet optimised,
depths of cut of over 300 mm can be achieved with a slurry

catting unit.

Financial sensitivities of the various 8 and par
interactions are out of the scope of this dissertation, however,
the optimised slurry cutting system could achieve an NPV profit
increase of 70% over conventional mining, just by optimising the
cutting paraueters.

The computer package developed by T&DS is 8 very powerful
tool for analysing the value of the research work into non-
exnlosive mining. Financial justification is only part of what the
package can offer, as it can also highlight areas where more
research is required and derive equipment specifications.
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8. CONCLUSIONS AND RECOMMENDATIONS FOR FUTURE
RESEARCH

The detailed findings of each part of the investigation have been
discussed under appropriate headings in the preceding chapters.
The following is a summary of the principle conclusions reached
and an overall eppraisal of the results. The conclusions have
been divided into six heedings, namely: dry abrasive waterjet
cutting, slurry abrasive waterjet cutting, diamond circular saw
cutting, breaking, computer evaluations and recommendations for
future research.

8.1  Dry Abreaive Waterjet Cutting (up to 240 MPu)

Various cutting pa ameters (pressure, orifice, mass flow ratic
and exposure) have been tested by factorial design, to determine
their effect on depth of cut in norite and quartzite.

The trends of the cutting peremeters tested were similar to those
found previously, Hsshish ("). Due to the nature of the test
work performed, a depith of cut model based on the cutting
arameters tested, was also produced. Hence the depth of cut,
in norite, for a given waterjet pressure, orifice diaweter,
traverse rate, exposure time and abrasive mass flow ratio, can
be calculated for dry abresive waterjet cutting. From the depth
of cut model it has been found that increases in pressure,
orifice size, exposure time and abrasive flowrate all increase
depth of cut. However, there are practical limitatons, where
above certain values, little or no guin in depth of cut is realised
for further increase in the respective cutting parameter.
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A Q/N (Quartzite/Norite) rativ of approximately ! was obtained
for dry abrasive waterjet cutting. This implies that within
conlidence limits the depth of cut being tested on surface in
norite blocks would not be significantly different from the depths
of cut achieved underground. This allows valuable research to
be carried out in norite on surface and for the results to be
related to what could be expected in the underground environ-
ment. These findings have been verified by underground test
work.

During surface research, abrasive recycling was tested
successfully as a means of reducing at asive consumption and
hence cust. A loss of 3.2% in depth of cut per cutting cycle
was observed., This loss in depth of cut has been explained by
the reduction in mean particle size with successive cutting
cycles.

Dry abrasive waterjet cutting has a poor cutting rate compared
to slurry waterjet cutting and diamond circular sawing, Table
8.1. It also has the worst specific power consumption of the
three slotting mechanisms.

Table 8.1 : Typicsl Opersting Peremeters of Slotting Tools
L 4.4 WATER | ABRATIVE | CUTYING | IBCTMNT- (SPECIFIC
PRESSURE | FLOW COMSUNP-~ | POMER ANEOUS | PONER
NEMTR 200L TION COTTING | COMSOMPT.ION|
RATE FOR METHOD
ONLY
i ] 1/min x3/uin L o3/ i/
ULTRA-HIGH PRES-
SURE DRY MARASIVE 2] 15 3 S5 0,7 78,6
YATERJEY COITING
HIGH PRESSURE
CLURRY ABRASIVE 0 & 10 @© 1.4 28,6
WATERJET CUTYING
DIASOMD CIRCULAR N
BLADE SMING - 0 - 4 3,0 an
* Blade floshing water at mine pressurs.
Cutting power defined as powsr availabie at slotting tool after
systum inefficiencies are takan into acooust.
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The cutting rate, for dry abrasive cutting can be maximised to
1,2 mi/h using approximately 110 kW nozzle power. However,
the specific power confumption per m? of slot is even greater at
these values. This would add to the overall ventilation require-
ment of a mine (typically dry abrasive waterjet cutting would
double the ventilation requirements of Western Deep Levels Gold
Mine) with the increased heat flow into the workings.

In addition, ultra high pressure waterjet equipment has complex
components which require specialised i at frequent
intervals. This inplies high working costs. Furthe more, ultra
high pressure weieriet cutting, cannot wake use of the benefits
of hydropower.

It can he concluded that dry abrusive waterjet cutting has no
future as a slot-based mining system.

8.2 Slurry Abrexve Watarjer Cutting (u~ to 40 MPw)

As in the case with ihe dry abrasive waterjetr cutting,
equipment, increasing pressure, orifice size, exposure time and
abrasive mass flow ratio .esultz in an increase in depth of cut,

Howevar, overall, glurry abrasive wateriet cutting was found to
be more than twice as efficlent as dry abrasive watlerjet curting,
in terms of nosale cutting power and depth of cut schieved,
Table 8.1.

The effect of stand-off distance (distance between end of nozzie
and target material) with slurry abrasive waterjet cuting wes
found tc be approximutely one sixth of the stand-off effect of
dry abrasive waterjet cutting.
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This is of major benefit when slotting an irtegular stope face
underground.

Abrasive recycling «as also investignted. Nc loss in depti. of
cut was ~hserved. This has rediaced one of the major
dizadvantages of slurry abrasive waterjet cutting, -vhich is the
high quautity of abrasive consumed (cmpared to dry abrasive
wateriet cutting)

An angle .f attack (angie between ruzzle and target material)
experiment, Section 6.2.5, determined which nozzle positon gava
the largest depth of cut. The cptimum angle of attack was
found to be a leading angle (nozzle angled in the cirection of
traverse) of approximately 13°. This gave an increase in depth
of cut, compared to the verticsl roszzle pogition, of approximaiely
2%. Porevious work by Seundars {2 giso tound the lsading angle
to be approximstely 13° with an improvement in cut depth of
around 3,5%. Although this improvement is small, it represeuts
additional perfcrinance for no exuw cost.

Due to the large quantities of abresive uscd, quartzite abrasive
was testel in an attempt to reduce abrasive cost. The overcll
quartzite/chiromite abrasive cuttuy ratio was found to be 73%.
Hence, to achieve the same depth of cut using quartzie
abrasive, as those schieved with chrumite and san ron bas-d
abrarive, more power or abrasive would be required.

A depth of cut mndel “or slurry catting has been propesed which
calculates the depth of cut for a given nozzle power and
abrasive flowrate value. Although further rezsarch if required
to improve the confidence in the ‘aodel at higher power levels, it
has bled {i ial o isons with dry etrasive cutting to be

made.
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Although slurry cutting can utilise hydropower more readily than
dry abrasive cutting, it still consumes a great deal of water,
Table 8.1. Thus water recycling or more effective/efficient
nozzies need to be investigated. However, slurry cutting
appears to be the best abrasive waterjet cutting system on which
to develop a slot based mining method.

8.3 Dismond Clrculsr Saw Cutting

Diamond circular saw cutting was investigated as an alternative

to abresive waterjet cutting. Because of the complex inter-

actions between cutting parameters, an iupractical amount of test

work wouid be required to achieve results similar to those

obtained with the abrasive waterjet cutting. It was therefore
i decided to apalyse the results empirically in the underground
environment.

The lowest cutting cost achieved to date, in underground quart-
zite, ia R 80/m? (blade cost only). Despite this high consumable
cost, diemond sawing is otill vastly superior to abrasive waterjet
cutting, in terma of power consumption, cutting cust and cutting
ratz. It has the potential to doubie conventional mining rates
and offers the best improvement in net present value profits
over convantional mining.

Tre diamond circular sa«w ia the only slotting tool which .ut of
the three tested, actusli, vwses less water and power tb .z con-
ventional mining. Furhermore, its ventilation rec virementi-
could he significantly lower tian conventional methods.

e
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Diamoni sawing technology is ideally suited to hydropower. The
application of hydropower would significantly reduce equipment
costs and complexity. Another benefit of diamond sawing
technology over abrasive waterjet cutting is that it consumes no
abrasives.

Diamond circular saw equipment is fairly simple compared to
abrasive waterjet cutting and this is reflected in the capital cost
and reliability of the eguipment.

Finally, with the possitbie reduction in blade weer rates by using
higher powered saw units, and the addition of flushing water
additives (to cool the segments and help flush out cut material),
the cutting costs could drop even l o=, This could lead to
diamond saw in-stope costs competin th cenventional stope
costs, a benefit not normally ciated .. . mechansed i

5.

One of the areas, in diamond circular saw cutting whiclh still
requires further investigation is blade jamming. The diamoni
saw unit wes moved to a high stress regime located at the
President Brand Gold Mine to deiermine the effect of stress on
biade jamming. During the test work, blade jamming accounted
for 4% of the total operating time. The main causes identified
for blade jemming were rig movement and rock closure. Tests
using higher powered saw units in the future may alleviate the
blade janvring problem. In the practical context of a slot~ based
mining system, blade jamming wouid not represent a major
problem as the cutting could be continued by an alternative
blade and the jammed blade removed by the subsequent breaking
4 apei ation.

Another wrea requiring further investigation, is whether it is
practical/economical to cut slots using multi~pass techniques as
used in the construction .ndustry.
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Because diatond circular saw blades are clamped by a central
hub, the full blade Jdiameter can not be utilised for cutting.
This means that large depths of cut require large Dblade
diameters Blade cost increases exponentially with blade
diameter due to the increased dimuond cost (increased volume of
diamonds). It also causes problems with regard to maximising
the depth of cut in an irregulac stope face. Furthermore,
circular blades do not cut around cornmers very .asily and as
such would not be suited to rollinug reef or highly faulted stope
conditions.

Despite problems with the inh.rent inflexbility of diamond
circu'ar saw blades, it remains the slotting tool with the most
potentwal. It could be rossible in the future that diamond
cireular saws would be used in unfaulted flat reef conditions and
a slurry abrasive waterjet cutting system used in more
geologically complex stopes.

8.4 Breaking Out of Rock Betwesn the Siots

The cutting of three slots underground (hangingwnll, footwall
and reef/waste contact) has shown that the rock is easily
removed betweer the slots in fractured rock conditions. Conven-
tional barring techniques ha.- achieved breaking rates of up to
1 nslh. There i. little doubt that with future mechanisation,
using rig mounteu hycdruulic impact hammers, greater breaking
rates can be achieved.

The major area reguiring further development remains the
removal of unfractured ground or hard patches. A slot-based,
non-explogive mining method can address the hard patch problem
by producing muid-slota, in the form of block slotting {cutting
out the hard patch in blocks) or slashing the unfractured
ground, and driving wedges into the slots.




These methods, aithough having been proved feasible under-
greund, are both costly and time consuming.

The development of a suitable breaking device for removing
unfractured quartzite would widen the application of a slot-
based mining method.

The two non-explosive rockbreaking methods discussed ir this
dissertation are Flowex, a hydrsulic water pulse method and
bullwedging, a mechsnised method. Both of these methods
require a hole to be drilled into the store face for the device to
be inserted.

Flowex was unsuccessful in breaking the rock from thes face.
Although the device, under certain conditions, could fracture
the guartzite, the fraciured rock remained "keyed" together.

Bullwedging appear; wore promising ihan Flowex, as burden
spacings of up to 150 mm have been broken out in quartzite
underground. Furtaer work is required to determine whether
this burden spacing can be increesed further by using larger
blow energy hammers.

4.5 Computar Bvaluations

A computer packaye has been deveiopod w evaluate the practical
and fipancial advantages of slot-based aining.

Diamond circular saw cutting is highlighted as the most cost
effective slotting tool on which to base a slot-mining system.
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This study concludes that the “ul  impl tation of a
slot-besed mining system vcould result in significant financial
benefits for the gold mining industry.

Although further refinement in the computer model can still be
made, to make the financial evalustion even more accurate, the
computer package has proved itself to be s powerful evaluation
tool for non-explosive mining. This financial evaluation mode:
could be adapted easily, simply by changing the front-enu soft~
ware, so (hat othier types ~f mechanisation may also be assessed.

8.8 Recommendations for Future Research

Apart from the development of the diamond circular saw and
slurry cutting units, to optimise their cutting performance
fusther, research should concentrate on the development of an
effective rock breaking syutem cepable of addressing all rock
conditions .

Future research into rock breaking should follow two distinct
paths: The first avenue of research should re-evaluate the
existing non-explosive breaking methods with the benefit of
siots. The second avenue should investigate the fundamental
ovinciples of rock ureeking such that new concepts can be
identified wud teeted to bremk hard unfractured qua~tzite.

Other areas requiring investigution rre the development of a
suitable rig to suppor® and traverse the siotting and breaking
devices along the face, as well as a cleaning snd rockhbandling
system, suitably integrated into the noa-expiosive mining
‘vethod.

!
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Although slot-based mining has at present been looked at under
the confines of present mining layouts and stope geometries, this
should be continually re-evaluated. If the mining layout or
mining wmethod can be changed, to meke better use of the
advantages of slot minirg, then this should be considered. More
work wil be required in the future, on mining layouts. as
further informat.™ becomes av.ilable.
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DRY ABRASYVE WATERJIWY CUTTING

Appendix 1
Test Results and Experiiseatsl Parameters
for the Abrasive Waterjet Cutting Tastwork
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TABLE 1} H 81 RUN EXPERIMENTATION

TABLE 1 . Bl RUN EXPERAMENTATION
oRIFice |aerasivelTrav TIME |ABR. ULOW| DEPTH OF CUT {mm) PRESSURE] ORTFICE |ABRASIVE|TRAV RATE]Pass|Ting Jase. Fiow] DLEPTH OF CUT tmm)
T/S Nof (MPa) IDIA. (me)] RATIO [(mm/min) |No. l(sec)[{kg/min.}} 1 2 3 T/S Nof (MPa) [DIA. {mm}] RATIO j(mm/min) |Ne. [(sec)l.«g/min.3} 1 A 3 4
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TABLE 1 : B} RUN EXPERIMENTATION v Bl MUK FXPERIMENTATIUN
T
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TANLE 1 : 81 RUN EXPER® VTATION TABLE 1 81 RUN EXPERIMENTATION

T + T ——
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Table 2 : Results in  Quartzrite to Determine Q/N _Ratio
(Continued)
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Teble 2 : Results o Ratio
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Slursy let Bxperiment No 1 - Initiel Investigation Into Shurry Cutng

Table 4

TEST | PRESSURE | STAND-OFF] NOZILE BLOCK MEAN MERN WATER ABRASIVE | ABRASTVE

NO STZE DEPTH OF| LEPTH OF | FLOWRATE | FLOVRATE | MASS PLOM!
CUT 18T | CUT 28D BAVIO
PASS PASS

(Mix) {mm) {mm) () {mm) (1/min) {kg/min}

1 19,0 20 2.4 A 93,00 | 161,50 35,0 6,50 3,278

2 20,5 20 2.8 a 123,75 | 224,78 8,0 18,6 2,375

3 33,0 20 2,8 A 226,00 | 44,00 70,0 1¢,00 3.a87

4 38,0 166 2.8 A 215,75 | 410,00 63,8 75 5,457

s 38,0 100 2,4 A 172,00 | 289,25 49,5 16,00 202

6 20,0 100 2,8 A 105,50 | 181,50 57.0

7 36,5 26 2,4 A 164,25 | 269,73 43,5

8 21,2 100 2.3 A 105,70 1 192,50 36,5

9 21,0 100 2,8 B 121,25 bo2usLas 52,0

10 21,0 20 2,8 B 124,50 | 204,25 57,0

AL 40,5 100 2,8 B 222,50 | 364,50 £3,0

2 38,0 20 2,0 8 238,25 | 316,25 73,0

13 37,5 e 2.4 8 177,75 | 310,78 48,0

14 21,5 100 2,4 B 100,50 | 169,00 440

15 36,3 2 2,4 B 164,25 | 276,00 8,5

1% 3,5 20 2.4 3 105,06 l 169,75 4.5

mmm‘wxoz-mmuamsmmcumg

Table §
TEST | PRESSURE | STAND-OFF| NOZILE  1BLOCK MEAN MEAN RTER ’ ABRASIVE | ABRASIVE
) s1ze DEPTH OF| DEPTH OF | FLOWRATE | FLOVIATE | MASS FLOW
CUT 1ST | CUT ND BATIO
PASS PRSS
(MPa) {mm) {mem) {wm) () (L/min) “kg/mir
1 2,5 100 2.4 A 85.50 | 149,50 5., 4.7 0,083
F3 20,5 100 2.8 A 112,50 | 186.5¢ (L 7.98 0,109
3 38,5 100 2,8 A 179,75 | 2739 26,55 8,10 0,099
- 4 36,0 400 8 A 79.50 ) 133,23 95,19 2,50 v,078
s 40,5 400 2.4 A 123,00 | 246,75 53,88 w13 0,127
6 21,5 400 2.8 a 80,75 | 155,00 75 60 4,39 0,125 :
7 36,0 100 2.4 A 169,50 | 265,00 62,02 5,00 0,145 ;
- 3 22,0 400 2,3 A 76,50 § 128,00 43,8¢ 5,28 9,108 i
w 3 21,0 400 2.8 [ 92,50 | 152,78 74,16 3,25 ,128 p
10 1.5 100 2.8 3 112,35 § 172,25 74,58 6,73 4,090 |
1 38,0 300 .9 ® 131,50 ] 147,75 91,50 6,50 ©,067 :
12 8,5 400 i 8 100,50 | 195 50 66,73 5,38 0,080 i
1 36,0 100 2.8 8 69,50 | 111,75 96,49 2,37 0,024 !
14 22,0 406 2,4 8 55,06 | 103,00 49,54 1,50 0,070 :
15 39,0 100 2,4 8 138,25 | 229,25 68,35 4,12 5,060
16 21,5 100 24 B 87,50 | 138,75 49.81 3.62 9,073
]




Slurey Jot Experiment No 3 -  Maximum th Achievabie From 3lurry Jet Bxperiment No 4 - %fgm of Stand-Off on Deptis of
[ mﬂ &( Cut
Table 8 Table 8
FARAMETERS AERROR PARAMETERS LERROR
Fressure (Mpa) 35 £ 5 Pressure (Wpa) 39 €17
Stand-off {es) 100 + 8 Stand-of f {mm) varried 5
Nozele Size {men) 2,8 - Noztle Size {mm} 2,8 -
Abrasive Ratio (Turns on valves) 2 - Abrasive Ratio {Turns on valves) 2 -
Traversy Rate (sa/min) 100 +s Traverse Rate (mm/min) 100 +5
Abrasive Type Chromits| - Abrasive Type Chromite -
Table 7 Teble 9
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Siurry Jet Zxperiment No § - Determination of Most Hffective Sturry det Experiment No & - Investigation into Quartzite as an
Angle of Atack Tor Nostle Abresive
Tabie 10 Table 12
PARAMETERS VERROK PAIAMETERS FERROR
Pressure {wpa) 39 8 Lo
Stand-off (o) 100 ts stand-of f (o) %0 + 30
Nozzle Size {1} 2,8 - Pressure (MPa) r 7
Abrasive Ratio {Turns on valves) 4 - Nozzle Size  (wm) 2.4 -
Traverse Rste {mm/wmin) 100 [ Abrasive Ratio ‘Turns on valves) 2 .
Abrasive Type Chromite! - Traverse Rate (wwm/min) P
Abrasive Type {martzite - -
Table 11 ,
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Siurry Jet Experiment No 7 -  Recycling of Siarry Jet Experiment No 7 -  Replenishing of Abrasives

Table 14 Table 16
PARAMETERS $ERROR FARAMETERS e
(Mpa) 36 v 2 Pressure (MPa i -
() 260 15 Stand-off (mm) 260 v e
(tm} 2.4 - Nozzie Size (nen) 2,4
ve Ratio {Turns on v. ives) 2 - Abrasive Ralic (Turns vn valves) 2 .
Traverse Nate {(mm/min) 100 + 10 Traverse Rate {mm/m ") 100 ‘1o
Abrasive Type Chiomite - Abrasive Type Lean Grit g4
Quartzite
Iron Grit ES
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Appendix 2
Abrasive Waterjet Cutting Test Sheet
ABRASIVE WATERJET CUTTING TEST SHEET !
AAC / T&D.S MECHANISATION DIVISION | SHEET NO. ........
(MINING DEPARTMENT) TEST NO. e

SURFACE TESTWORK ~ SLURRY CUTTING | DATE  ............

WATER PRESSURE |STANDOFF|ABRASIVE | TRAVERSE| NOZZLE |ABRASIVE | NORITE
| PUMP__| NOZZLE |DISTANCE | RATIO RATE ORIFICE | TYPE FACE

ICHECK

CUT | PASS| TIME | cuUT DEPTH_OF CUT (mm)
NO. | NO. | MEAS.|LENGTH 1 2 3 71 COMMENTS

3 bososscosdoonsocrnd hesesosssdescconsed TYTTITTTY ITTTTTTIPY TYTYTR IRy
TR R N A RN SRR L eerecoesfenrmssnchenensnes 4
................. dosooeseadssesesessbeaasaofasueceasafonnsanes
NOTES 1.
2.
3. |
]
4
# 4, !
5.
6.

Y TN S SSRAA. 3
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Appendix 3
Derivation of a Model for Q/N Ratio
(Dry Abrasive Waterjet Cutting)

DERIVATION OF A MODEL FOR Q/N RATIO

In order tc obtain maximum information from the linited number
of test runs the experiment was designed such that two separate
analyses would have to be undertaken as indicated by the follow~
ing diagram:

Table 1

Low MFR

MFR =
0,025 0,05 0,10 0,20

The reason for this was that only in this way could balanced
sets of data be obtained to take account of the quartzite block
effect. Hence two Q/N ratio models were derived, one for low
MFR's and one for high MFR's. Each data element ~f the depth
of cut in quartzite was divided by the corresponding depth of
cut in norite (according to parameter settings) as provided by
the depth of cut model. Hence a series of Q/N ratios wer=
obtained for analysis.

High Mass Flow Ratio Model (MFR = 0,05, 0,10, 0,20)

The effects which were found to be significant compared to the
experimental (background) errcr were established, and a model
derived which forme a prediction equation for Q/N ratic.

The following equation represents the best fit to the data and
contains the effects found to be significant in affecting the Q/N
ratio.
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Q/N ratio =

’
+0,034 P

-4,038 O + 0,051 (02-2/3)
-0,078 R - 0,058 (R2-2/3)

-0,053 OR+0,102(02-2/3)R+0,109
(R2-2/3)0

-0,130(P2-2/3)(02-2/3)

-0,094(P2-2/3)R-0,078(R2-2/3)P

R % .

Mean for Experiment*
(See note below)

Main effect of Pressure
Main Effect of Orifice
Main Effect of Ratio

Interaction between
Orifice and Ratio

Interaction between
Orifice and Pressure

Interaction between

Pressure and Ratio

where P = -3,026 + 0,0101 Pressure + 0,000033 Pressure?
O = -3,4054 + 2,7027 Orifice
R = -2,3333 + 30 Ratio - 66,6667 Ratio?

Pressure is in MPa, Orifice is Diameter in mm, Ratio is Mass
Flow Ratio in kg/kg and Exposure is Time Spent Slotting in
minutes per metre of face.

The effect of Exposure was not found to be significant on Q/N
ratio.

* NOTE:

The mean for the experiment (1,084) was not found to be exactly
the same as the mean of 1,063 discussed in the "Determination of
Q/N Ratio" section due to rounding differences between different
computer packages.

This equation can now be used in conjunctior. with the log of
depth of cu. model derived from the earlier experimentation to
. g calculate actual depth of cut in guartzite under different
operating conditions. Having entered the different operating

conditions under the log of depth of cut in norite model, end
then antilogged to give the actual depth of cut in norite, then
the equation derived above is used as a multiplicative factor to
determine depth of cut in gquartzite.




To simplify this:
Antilog (Log depth of cut in norte) x Q/N ratio

= Depth of cut in norite x Actual depth of cut in quartzite
Actual depth of cut in norite

The two depth of cuts in norite cancel, leaving the actual depth
of put in quarizits.  Although the equations are cumbersome, it
should not be difficult to obtain a series of results by computing
mathods i order to pursue an economic analysis.

The followirg Analysis of Variance table may be drawn up to
identify the amount of variability explained by the model.

Table 2
. DEGREE OF SUM OF MEAN
SOURCE FREEDOM SQUARES SQUARE
Model lexplained by 11 3,94 7,36
operating parameters)
Lrror (background) 312 2,33 0,03
Total 323 13,93 0,043

The proportion of the variability accounted for by the model can
be calculated as the Model Sum of Squares divided by Total Sum
of Squares,

= 3,94 + 13,93 = 0,283,

Therefore just over 28% of the variability is accounted for by
the wodel.

Low Mass Flow Ratio Model (MFR = 0,025, 0,05, 0,10)

The following equation was found to be the best model of Q/N
ratio at the low MFR's:




* Predicted Q/N ratio =

1,020 Mean for Experiment*
(See note below)
+0,048 P Main effect of Pressure
-0,029 O + 0,128 (02-2/3) Main Effect of Orifice
-0,134 R - 0,155 (R2-2/3) Main Effect of Ratio

-0,053 P O+0,06(P2-2/3)0-0,110 Interaction of Pressure
(02-2/3)p and Orifice

-0,041 OR+0,181(02~2/3)R-0,121 Interaction of Orifice
(R2-2/3)0-0,153(0%-2/3)(R2-2/3) and Ratio

-0,084 (R2-2/3)P Interaction of Ratio
and Pressure

+0,036 OE Interaction of Orifice
and Exposure

where P = -3,026 + 0,0101 Pressure + 0,000033 Pressure?
O = -3,40%4 + 2,7027 Orifice

R = -2,3333 + §0 Ratio - 266,6667 Ratio?

E

= =2 + 0,1 Exposure

The effect of Exposure (in an interaction) becomes significant on
Q/N ratio at low MFR's.

* NOTE:
Since the earlier experimentation using noriie as the target

material was not conducted at low mass flow ratios, then the
s} predicted depth of cut in norite is an extrapolated model. Since
it is not advisable to do this and at the same time strongly
believe in the result, then the rasult is a predicted (rather than
actual) Q/N ratio (and it is in fact the best prediction at low
MFR).

Therefore at low mass flow ratins we find that the precicted
mean Q/N ratio is 1,020 and so we expect a 2% increase in depth
of cut in quartzite over norite.




[ PR ¥ S

- 136 -

Despite the above note we can still use the pregdicted depth of
cut in norite mode! and the predicted Q/N ratio to estimate
actual depth of cut in quartzite as before.

Predicted depth of cut in norite x Actual depth of cut in quarizite
Predicted depth of cut in norite

where the predicted ("predicted" because the norite mode! has
been ex‘*rapolated) depths of cut in norite cancel out leaving the
actual depth of cut in quartzite.

This may seem a long-winded method of determining a depth of
cut model in quarizite ot low mass flow ratios, but it should be
remembered that at the same time the value of the (predicted)
Q/N ratio is of interest, and computing methods make the
determination relatively easy.

The following Analysis of Variance table is drawn up to ‘dent’fy
the amount of variability explained by the model.

Table 3
DEGREE OF SUM OF MEAN
SOURCE FREEDOM SQUARES SQUARE
Model (explained by 15 11,65 0,78
operating parameters)
Errer (background) 308 8,8% 0,03
Total 323 24,51 0,083

The proportion of the variability explained by the model is
(11,85 + 20,01) = 0,568.

Therefore nearly 57% of the variability is accounted for by the
model.

Iy
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Statistical Analysis of Slurry Cutting Results

TABLE 1| : QLURRY CUYTIMG DRSIGNND EXPERDNEWE i - PIRYT EXPOSURE
ADMING DETALLS REYD

NG« OF REP_TCATES - A 5 PRESSUAE 8 15 STANDODFF

NOs OF ALICHS - Cts AATIO O LS DBILFICE

NO. OF TRIALS = 64
NO. OF RESPONSES =

DATA FORMAT 15 1V, E3,711,120%.01

RESODNSED CUT BERTH LOGARIThws

DATA STAT{SITCS
MEANT 4 GAZ8L, VARIANCEZ 0.10692

BARTLETTI'S M2  «3.47S0 ¢ 3.4753 =  0.0000 ¥ITH Kz 1

CALCULATIUN OF ERROR v ARTANCE

SOURCE LN oF My
BETWEEN REPLICATES G.20883 A8 0.0060%1
NAMED EFFECTS 2,03096 t n.03096
ToTAL 0.31%59 49 6.00652
BETREENR ADCKS vade 4.00030 9 a.00000
O8TA OEVIATEOY NAME  FLAG EFFECY “Sq. 3 SIGNIPICANT EFTECTS
Aaco ON DEPTH OF CUT
18, 12821 13,5580 5000
26.401062 1E.a1921 1000 s.58249 S.A2BPL 83243541 A
18 43901 13.45660 8500 n.e 32 0.0 328 V.503
20.58813 15,0072 1100 el 48 G.a0860 0. 708
18.61827 13.63186 aore 0.04874 S.03387 54132 <
2040223 15.41982 10ig ~5.93300 0.01743 2.672
18.61520 13.563279 o1to 0.00388 G.000621 0.032
20.70147 15. 71906 [FRT ~0.01733 0.00880 0.73¢
19.29812 14431272 LI G.2219% o.78808 i20.630 ]
R1487132 15, 58891 1801 0.06419 5.0659%  10.108 AD
18.56635 13,5830 o101 -0.06391 0.06835  (0.020 2
21.61950 16.63709 110t 0.00634 7.00048 6.099
19427127 14,28888 0011 -9.00302 3.0001% 2,022
21488210 16.89969 1011 0.00102 0.00002 5.003
19.18782 14.20543 LT 0.91%7) 5. 0039% 0. 605
27480455 16.512%e i € -G.04399 0.03096 ora7
TABLE 2 NLUBEY CUTYING DESIGNED NXPERDMEWT ! - SECPD KXPOSURE
ADMIN. DE. VILS «ey:
NDs OF REPLICATES = & A 1f PRESSURE B 1S STANGOFF
NOe QF BLOCKS = . 1S Aaart(o O IS ORIFICE
NOo OF Trials LY
NO. OF RESPONSES = 1
DATA FORMAT §§ TH8,£3,7114220%.0)
RESPONSE? Cu¥ OEPT4 LLGAT 1 THNg
DATA STATISTICS
MEANR  3.50382, VARIANCEZ G 39979
BARFLETT'S Mx  «86,8312 ¢ 6.8312 = 0.0000 with K
CALCULATION OF ERROR VARDZNCE
SOURCF Se5e ok ".se
BETWEEN REw (A TES 051088 8 0.01063
NAMED EFTECTS d.00108 t 0.00108
Tarac G552 .9 D.01048
BETWEEN 81 70 5 V. 400000 o 0.n0000
OATA  DEVI#ITON NAME  FLAG EFFECY “a5Q. F SIGNIFICANT CFFECTS
ABCL OF DEPTH OF CUT
20431746 14.83372 5000 .
22.87802 16297860 tooc 6.53800 4,53119 483,629 A
20,5148 15.01165 c100 0.62823 9.0010% 1.05e
22.66002 17.1%5620 1100 3.02809 0.01263 10210
20.5204% 15.01632 2010 G.07¢02 et 72y r.882 [
22.38623 1c.0828; 1010 ~0.01700 5.5 o 2,098
21.03917 15.5353% oiig 2.03913 [ LY 0.561
22.81137 17.007%s 1110 ~0,01683 3. Geaze
21.28708 15.75322 oy 0.22961 0.8 80,907 1
23.35840 17,8538 1001 0.501 32 0.0e . 5e801 Al
20.7780% 15,2723 LT ~0.036%1 6.02t32 2.082
23.5913% 18.08753 1401 0.052e8 B.00807 .224 ABD
21,63727 16..5388 LTI 0.04233 0.0289 2.712

23.7075% 10.20172 e 8.02220 d.0a788 s 75%
21,8094 13%.90562 LIRR) 0.00138 09.90003 04403
20.0369% 18.53313 tieg 0. 00821 D.00109 0et03
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3 QRIFICE i

[ O —

] ° 1 t H

[ RS U e

IDERTH OF CUTIDEPTM OF CuT{

] famy g Gt 1

Inoomamacaas e b om e mmee |

¢ ME AN | ME AN ]

N 3

IPRESSURE 1S TANDOFF i 1 1

fommmememuean s D15 FANCE i 1 1

1) | 1 1

i te t 9%, 001 124134

| fommmues - -t

1 1 i 102.75¢ 163,389

[ r— PR m————————

(R} 1o i 164.25! 232.13)
] 1«

1 i ] 174,881 21913

! vARIABLE | MAIN EFFECT ON DEPTM OF
] 1 CUT OF INCREASING FRQW

f Srarisricac
I SIGNFIFICANCE

t T LO6 YO HIGH SETTING {Mm) |
l-;wessuaz ! ar.rs 1 299.9% (1G4}
: aRtFicE | 38,97 T se o 1s1eut
: RATIO LI TN i >9%.0% 15164}
s ;“:;u.o: INGT $1Ga)

b srancurF ) - 2434

1
]
[}
1
t
]
[}
1
§
t
]

TALE 4
i ] ORIFICE 1
t v e e
] 3 o 1 : 1
1 R T T |
i iDEPTH OF CUT]VEPTH OF CuT|
] ] (£ L1 £ (L7} [}
i T Tl R {
I ] nEAN i MEAN i
t —ene '
IPRESSURE 1S TANNOFF $ 1 i
Jommmeme e [OFS TANCE ] 1 i
‘o ekt H i §
1 1o 1 165,831 2tesS0}
} t . e )
[] (13 i 180,730 196,38
' cememves '
i lo t Zr2z.oni 36041 3¢
‘ [ ¢
¥ i 1 3g0.00t" anr.2si

VARIAGLE | MAIN EXFECT ON CEPTH OF b OSTATISTICAL

CUT OF INCREASING FROM 1 S1GNIFICANCE
1 LO® TD MiIGH SEYTING (MM} |
.
|

PRESSURE | 180.75 299, 9% {51G.}
ORIFICE t 59.7% 1 >9%.9% (51G.}
IATI0 ] 8 .88 1 209.0% 15164}

STANDOFF | 1283

<BO. 0% (NOT S1G.}

1
t
L]
i
'
1
t
]
i
1
[}
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TABLE 3 : OF ATTKY EXPECINENSS

ANALYSES OF VARTANCE

SUM DF MEAN

SOURCE oF SQUARES SCUARE F vaLuE PROGIF
MODEL 2 172683.62 86341.681101 268 .781 0,060
ERROR 169 33277.15876 323.064262
€ rorAL 111 207960. 78

ROTY wSE 17.9901 A-SQUARE 0.8308

DEP MEAN 194, 3306 ADS A-SQ 0.8273

Teve Ga 237082

FARAMETER ESTIMATES

BARANET ER STANGARD 7 FDa no3

VARIABLE DF ESTIMATE ERRON BARAMEYER =G eROB > tri
(NTEACEP 1 222.538719 c.28176087 97.%29 Ga 0004
ANGLE t 0.68082672 0.0%230813 RS LY) 040001
ANGLESG [l -0.0265007% 0.00:039319 -18.481 0.0001

TBLZ 6 : GUANTIITE MUASIVE - PIRST EXposun

AOMIN, DETAILS XEVS
NJ. OF REPLILATES = & A 15 STANDUFF 9 1% RATIO
ND. OF BLOCKS = . T 15 DJAIFICE EXPOSURE
NO. DF TRIA(CS s 42

NO. OF RESPONBES =

DATA FORMAT 1S (11,13,7135,120%.00

RESPONSE! CUT DESTH LOGARLITuMS

T
DATA STATISTICS
MEANS w.T3823; VYAILANCEST D.012581
CALLULATION OF £2208 vARTANCE
b souace S5, oF “.s.
BETWEEN REDLICATES 0.07307 24 ©0,00306
NAMED EFFECTS 0406400 o 0.000u0
TUTAL 0.07307 24 0.00304
RETWEEN BLOCKS vak, a.un000 8 ¢.00000
STGNIFICANT EFFECT
DATA  DEVIATION NAME  FLAG eFFECT I3 ON DEPTH OF CUT
480
™ iM,3486% 13,61082 000
18,2787% 13, %4051 160 0.00238 9.000Ga Q.01
18,99599 14.25776 010 0.06805 G.03704  ta.188 )
18.95051 te 2t ¢ 130 0.02%12 9.00674 2.229
v 19,39207 L4833 ou1 015883 D.1312? S2.62u [
19.24786 18.50463 tat 0.04688 8.00223 2,731
19,05613 14.31790 o1 ~0439638 0.07518  2a.674 8¢

19,35200 te.61e82 1 3.02597 L .00%3%
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TABLE 7 : QUARTZITE ABRASTVE -  SNOOWD EXPOSUME

SUBLEC T GUARTZITE HLURAY CUTTING DES. £XRT. AT SURFACE -~ 2ND ExXPOSUPE

ADMIN, DETALILS €EY:
NO. UF REDLICATES = o A 1S STANDDFE 8 1S RATIU
NCo OF ALNZYS PR € 1s ORtFice
NOe UF TRIALS = 32
NO. GF RESHINSES = f

GATA FORMAT §5 111,13,281,120%.0}

AESPONSET CUT DEPYM LOGAR(THYS

DATA STATISTICS
MEANT 5225638, VARIANTET 001293

CALTULATION OF ERITR VAATANCE

SOURCE 5.5. oF a5,
YETWEEN REDL (CATES el TASO 24 0.0a327?
HAMED EFFECTS 0400000 4 o,00000
TuTAL 0.074%0 & 0.00327
BETeLEN ALOCKS VAR, ¢ 00u00 o 0.00000
SIGNIFICANT EFFECT
GATR DEVIAYTUN NAME  FLAG EFFECT .S de F ON bEFi# OF CUT
aac e ——
20.22037 14.96769 LT
20454182 1538526 100 0.02169 9403370 LY
21.13258 15.69624 019 0.u782% 0.04899  14.978 B
20.88583 15.629¢4 110 ~0.0088 0.00042 o030
21.01153 16415518 (1) s 1497y 0.17938  Ge.s20 c )
21419855 15.98210 19t 0.0023% s.00007 ge020 ’
21414010 15288372 ot “0.,08830 0.03732  tt.408 BC
2154963 1620324 1t 3.0816% 0.053 36 16,508 ABC Comfounded with
block effect
TABLE § : (OIAN RESPOMSE AMD NAIN KFVRCYS - YIRSY KXPOGURE
§ ] GRIF (CE 3
t |
o ' 1 9 1 ' |
i e
t JDEPYM OF CUTIOEPTH OF Cufl
| Jommnnmmmas mn b an o |
i ' ME AN 1 MEAN ] |
P e .- ———e po 3
I®aSS FLO® RATIO i : :
[ et | .
(R4 t w253t 128,384 g
Lt s
it ¥ 11s.08) 121 .79}
£ wmmmm . e - ———
§ VARIABLE 1 MAIN EFFECT ON OEPTM OF 1 SYATISTICAL L]
t f CUT OF IMCREAS NG FROM 1 SIGN(FICANCE 1
[ §OLDW TO IGH SEFT G IMNe) :
Jommmmar vmmab owmmm vaommam
< { grtFr_€ t 7. J 799.9% (51Ge} 3
fummmmm ot - [SREON 1
| aatio 1 L) } >99.08 (S1Ge) :
Juen - -~ ——
t STANDOFF | Ga58 | <8u.0% [NOT S1Ge})
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TABLE 9 :  WEAM SESPONSE AND WAIN EFFECTS - SECOMD EYPOSURE |
‘ [} ORIFICE i
R oI SRR Ee Y
[} o 1 t 1

fommrmnm et mmme v mmma |

JDERTH OF CUTIDEPTN OF CUTH

fommmonmnecaabon e ————

[} g AN 1 WE AN ]

i

ImASS FLOW RATIO ] | 1

[ Sl ] ' i

:o t 165,831 205,884 .

]

13} ] 192.001 2084381
t VARIABLE | MAIN EFFECT ON DESTH DF | STATISTICAL t
| f  CUT OF INCREASING FROW } SIGNIFICANCE 1
] 1 LOW TO HIGH SETTING (MM} | 1
1 wamann 1
i BeTECE ' 29,58 1 >9%.9% 151G} '
J |
: RATLD L 18.88 I 299.9% ($1Ge1} 1
!
i svawours 3a89 | <80.0% INOT S1G.3!

GABLE 10 :  CHROWITE APRABIVE RXCYCLING

MON-LINSAR BEGOESS 10N MODEL OF THE FORM DOC:AsBIEXP {CECUTND)

HONwL INEAR LERST SQUAYE L SUMMARY STATISTICS DEPENCENT VARLABLE DOC
SOURCH RE SUM OF SOUARES WEAN S QUARE
REGRESBION 3 i162888.20002 Sa188. 73554
RESLIUAL 1z 2737.79338 161.0a887
UNCORRECTED TOYAL 20 188184.0C 00
LCHRRECTED TOTALS £ 2305820000
PARANETER Euriuats ASYMIFOTIC ASYMETUTIC 98 %
STD. ERROR CONF EDENCE INTERVA,
LOwER UBPEL
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Appendix §
Sieve Analyses for Abrasive Recycling Testwork
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Appendix 6
A Typical Financial Evaluation of a Slot Based
Non-Explosive Mining System
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