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This paper provides feedback on the Isidingo Drill Design Challenge process, a joint
initiative by the Council for Scientific and Industrial Research (CSIR) - Mandela Mining
Precinct (MMP) and the Minerals Council of South Africa (MCSA), to encourage the
development of better, non-compressed air drilling tools. It places the Challenge within
the broader national debate as to how to revitalise SA’s narrow reef mining and the
consultation processes behind it - involving government, organised labour, mining
companies, manufacturers, mining research institutions and the Minerals Council. The
paper reviews the fundamental requirements of the drill and blast method used in hard
rock mines and proposes reasons why hand-held drilling has dominated in South African
narrow reef mining, despite numerous efforts over the last forty years to devise
alternatives. It explains how the target weight of 16 kg and drilling rates two to three times
faster than the industry standard 23 kg compressed air drills were achieved, and the
novelty behind the Drill Guide that replaces conventional thrust legs. It also reports the
results of a six-month long underground production drilling trial in a Rustenburg platinum
mine. These results compare safety, hole-to-hole drilling times, noise, vibration, water and
energy usage and operator acceptance for both hand-held drilling off a thrust leg and
drilling using a Drill Guide only. Subsequent extensions of the Drill Guide concept for
higher stopes, gullies and raises are also discussed.
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INTRODUCTION

Global competition in mining continuously drives the need for better tools, processes, and mining
methods. In an industry first, the Council for Scientific and Industrial Research (CSIR)’s Mandela
Mining Precinct (MMP), in conjunction with the Minerals Council of South Africa (MCSA), engaged
broadly with many mining company professionals (particularly those engaged in narrow reef gold and
platinum mining), suppliers, researchers, and consultants in a series of workshops, and asked them
what they needed most. The reply: a means of drilling parallel holes, with a light-weight drill (< 16 kg),
not powered by compressed air, that could be set-up and packed-up in less than 10 to 15 minutes. This
gave rise to an industry challenge named the Isidingo (“the need”) Drill Design Challenge calling for new
drilling tools to be designed, manufactured and proven underground. The criteria and the logic behind
them are illustrated in Figure 1.
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Fiqure 1. The Isidingo Drill Design Challenge criteria (left) and logic behind it (right).
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Further explanation of the criteria logic is outlined below:

<l6kg drill weight: Reducing the weight by ~7 kg compared with current drills weighing ~23
kg is aimed at reducing the physical effort of hand-held drilling and to make it easier for women
to become rock drill operators (RDOs).

Non-compressed air drill power source: This acknowledges the need to replace compressed air
for powering drilling due to losses, high electrical energy costs, noise, fogging and under-
performance, especially where pressures are low.

Accurate drilling: This identifies the need to optimally position blastholes for the “drill and
blast” method to deliver good results. However, hand-held drilling off thrust legs in the confines
of narrow dipping stopes, is difficult to do well, is poorly understood and not rewarded. There
are many benefits of good drilling as defined in Figure 2, including better fragmentation,
smoother footwalls (both aiding cleaning), less damage to adjacent rock, and longer face
advances. Taken together with faster drilling, better advance and reduced lost blasts due to the
face not being cleaned, offers significant production improvements.
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Fiqure 2. Good drilling vs poor drilling

Fast drilling and set-up/pack-up: This addresses the reality of ever shorter face time
availability, increasing safety related activities, and unplanned delays making the drill-clean-
support cycle ‘call” difficult to achieve. It also acknowledges that nobody wants ‘extra work’
added to an already full cycle.

The Isidingo Drill Challenge process produced two finalists, both of whom received certificates
confirming that they had met the set criteria: HPE (Hydropower Equipment) and Novatek Drills. HPE
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was also subsequently honoured with the “Navin Singh” award by MEMSA, for Innovation in the ‘Hard
Rock Mining Equipment’ category for the Isidingo Drill and Drill Guide. This paper evaluates the
Isidingo Drill and Drill Guide and presents the results from extensive underground production trials.
(Appendix 1 provides a brief explanation of the origins of the Isidingo Drill Challenge and how it relates
to the concept of ‘Modernisation” and ‘Mining Vision 2030’.)

The dominance of hand-held drilling

The need behind the challenge is not new and many initiatives to find alternative mining tools and
methods have been investigated and trialled (Appendix 2 lists over 40 such initiatives). This begs the
question: Why has hand-held drilling maintained its dominance in the reef horizon of narrow, dipping, tabular
ore bodies ... despite it being sub-optimal and in spite of the many benefits claimed for rigs, jigs, etc?

It is the view of the authors that the following factors are involved:

e Simplicity: The drill and thrust leg combination is simple to understand, use and maintain.

e Easy to use: Hand-held drills are relatively light-weight, compact and easy to set-up and pack-
up compared with rigs, jigs, rails, vehicles, etc. Despite the arduous physical nature of hand-
held drilling, getting started quickly and making progress, appears to be perceived as easier to
use than rigs etc.

e Flexibility: Almost any hole, in any direction, can be drilled with a hand-held drill in the
confines of a narrow excavation. The drill and thrust leg can accommodate difficult geology
and almost any drilling requirement in confined spaces with footwalls dipping at 10° or more.

While this may be an over-simplification and ignores many other factors, any alternative to improve
hand-held drilling must be perceived as simple, easy, and flexible by prospective adopters. This is
reflected in the industry consultation which focused on a better hand-held drill plus a means to deliver
good drilling as illustrated in Figure 2.

Isidingo drill

Figqure 3. Isidingo drill

The Isidingo Challenge requirement for a drill weighing 16 kg or less was initially met with incredulity,
but a final mass of 15.8 kg (including drill retainer) was achieved by making the following bold design
choices:

e Isolating the handle from the drill case, thus allowing the higher case motion resulting from the
lower mass drill to be compensated byusing a ‘spring suspension system’. This halved vibration
levels.

e Matching the smaller 22 mm hex drill steel with a slightly reduced blow energy compared with
older 25 mm hex drills. This reduced thrust force requirements, drill steel stresses (impact and
bending), thus making the Isidingo drill the lightest production rock drill for its power, with
the lowest water and energy usage, available in the market today.

Drill Guide design

The patented Drill Guide is an innovative new stope drilling guide that aims to provide an alignment
datum to ‘guide’ the RDO in optimally positioning holes and meeting the criteria of ‘simple’, “easy” and
‘flexible’ needed for operator acceptance. The key elements of the Drill Guide shown in Figure 4 are:
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e A short (~2.5 m), light-weight, single, skid-mounted, tubular rail chained and hooked onto the
temporary face props to hold the rail parallel to the face at the correct distance from it. (The
now common support practice of using nets and more roof bolts with fewer timber props has
opened space for the Drill Guide to operate with fewer obstructions.)

e A pivot-trolley allows easy lateral movement of the drill feed boom along the face and vertical
rotation between rows of holes.

e A drill feed boom on the pivot-trolley provides optimal in-line thrust, fast retraction, and easy
collaring. Importantly, it moves the operator ~3 m from the face under permanent support.

e Lastly, leaving the drill steel “pegged” into the last hole drilled at the bottom of the drilling
sequence and then sliding the guide rail down the face while the trolley and boom are gripped
in the last hole drilled avoids having to handle the weight of the guide rail, trolley, and boom
at the same time, and eliminates the need to build a full-length rail along the face before drilling

can start.
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Fiqure 4. The Drill Guide components (top left) and set-up in a panel (top right) and drilling underground in
the 1.1 to 1.3 m high stope (bottom left and right)

Underground trials results and discussion

The trial that produced the results in Table I below is described more fully in Fraser 2022 and relates to
the “Mine Pt case study’ and the background information applies. However, unlike in Fraser (2022), the
results below are split between the hand-held and Drill Guide drilling whereas “‘Mine Pt’ covers the
average for both.
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Table I. Results from six-month long underground in a UG2 stope -- two months with hand-held face drilling

and four months with Drill Guide face drilling

Results Unit grgleilfg Drill GUIDE
Main activities (NO ancillary equipment used) Drill & bolt Drill & bolt
Period used in average calculations fnén,zz;h;o%ﬂ ’:(l) gggl%zlsep
Production and drilling task
Centares (mine Survey Report) Ca/mth 266 252
Reef tons t/mth 1163 1167
Face advance (mine Survey Report) m adv 12.8 12.9
Average advance per blast m adv/blst 1.06 1.12
Panel length (incl. ASG as per Survey Report) m 20.8 19.6
Stope width (mine Survey Report) m 1.20 1.27
Relative Density of reef + waste package - 3.65 3.65
No. of equivalent full blasts per month blst/ mth 12.0 11.5
Holes drilled for panel, gully & bolts holes/mth 1760 1822
Total metres drilled md/mth 2263 2 350
Drilling task: metres drilled per Centare md/Ca 8.5 9.3
Drilling task: metres drilled per ton reef md/t 1.95 2.01
Metres drilled per blast md/blst 189 204
Average standard hole length from drilling pattern md/hole 1.29 1.29
No. of drills & bolting drills used for FULL BLAST drills 4.0 4.0
Metres drilled per drill per blast (average) md/drill/blst | 47 51
Power pack run time

| DAY Drilling shift - PP run time | h/mth | 54 46
Drilling water usage
Drilling water per ton m3/t 0.19 0.15
Drilling water used per metre drilled 1/md 99 74
Drill operating times
Ave. drill operating time per HOLE min/hole 2.35 1.77
Ave. drill operating time per BLAST h/blast 1.44 1.17
Energy usage and power draw
Ave. % of run-time PP operated at full load % 41% 37%
PP energy per ton reef kWh/t 1.30 1.04
PP energy per metre drilled (approx.) kWh/md 0.67 0.52
Ave. PP power draw kW 28.1 26.3
Ave. power draw per drill kW /drill 7.0 6.6
Ave. PP diversity = Ave. PP draw / Full load PP draw | % 49% 46%

Safety: Safety is significantly improved by reducing risk exposure durations. This is achieved by faster
drilling for both hand-held drilling and the Drill Guide. However, the Drill Guide allows the operator
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to be positioned in a safer zone, 3 m from the face, under permanent support, and drill more ‘remotely’,
with hands-free for much of the hole drilling cycle.

Drilling times: The average drill operating times per hole were measured as 2.35 min/hole for hand-held
and 1.77 min/hole with the Drill Guide drilling. Average drill operating times per blast were 1.44
h/blast and 1.17 h/blast, respectively. The Drill Guide therefore drilled over 20% faster than hand-held
drilling. Optimal in-line thrust, fast retraction and eliminating pull-up all contribute to this significant
improvement. Early in the trial, CSIR MMP independently timed 211 holes averaging 1.24 m long, and
the average time was 2 minutes 4 seconds per hole. The graphed results in Appendix 3 show faster and
slower holes indicating the difference in “hardness’ between the reef and waste rock types in the face
and the improving trend as operators became more proficient in using the Drill Guide. Importantly, the
choice of lower drill blow energy matched to the 22 mm hex steel, did not significantly reduce drilling
times and hole-to hole times of between 1.8 and 2.5 minutes for a 1.24 m hole are excellent.

Noise and vibration: A mine specialist pinned a ‘sound tag’ personal noise dosimeter to a rock drill
operator’s (RDO’s) RDO'’s overall near his ear, and the sound exposure was measured over a seven-
hour period. The last page of the report is attached in Appendix 3 and states a LAeq of 90.1 dBa and a
Lex8hr (Proj.) of 90.1 dBa (projected 8-hour noise exposure of 90.1 dBa). This is very low, and the use of
a hearing protection device will bring these values below the legislated 85 dBA for an eight-hour
exposure period. By positioning the Drill Guide operator between 1 and 2.5 m from noise source, the
sound pressure level will be reduced by between 1 and 3 dBa. This is based on the sound intensity field
in Figure 4.6, measured for a water hydraulic drill in an artificial stope, as reported in Heyns 2003.
According to users, when drilling off a thrust leg, the vibration of the Isidingo drill is roughly
comparable with other drills, but this was not scientifically measured. When using a Drill Guide, most
of the drill vibration is absorbed by the suspension system, the drill feed boom, and the guide rail.
Furthermore, for much of the hole drilling cycle, the operator does not hold the handle. The Drill Guide
therefore offers the lowest noise exposure and minimal vibration. Water usage: The water usage was 0.19
m3/t for hand-held drilling and 0.15 m3/t for Drill Guide drilling. The usage per metre drilled was 99
and 74 litre/ metre drilled, respectively. The lower usage by the Drill Guide is related to the shorter drill
operating times. These figures are low, and similar results are reported for water hydraulic bolting in bord-
and-pillar mines by Cronje (2022).

Energy usage: The energy usage was 1.30 kWh/t for hand-held drilling and 1.04 kWh/t for Drill Guide
drilling. The usage per metre drilled was 0.67 and 0.52 kWh/metre drilled, respectively. Again, faster
drilling reduced the energy usage, and the figures are comparable with water hydraulic bolting as
reported in Cronje 2022.

Ease of use: Operators appreciated the lighter weight of the Isidingo drill when drilling hand-held, and
the lower thrust requirement compared with other hydraulic drills, makes the Isidingo as easy to use as
compressed air drills, but two to three times faster. The Drill Guide by contrast was much less physically
demanding, and the effort to set-up, move the guide rail and pack-up were very similar to conventional
drills, easily beating the 15-minute challenge criterion. Moving between holes and hole drilling were
significantly easier. Once collared, the Drill Guide completes the drilling with little or no input required
by the operator. These features enable anyone to deliver good drilling as per Figure 2 and make the
Drill Guide attractive to all operators including potential women operators.

Operator acceptance: Operator acceptance was immediate, and they appreciated the simplicity, ease of
use and flexibility of the Drill Guide. The chains and hooks tethered to the face props turned out to
become the key feature enabling flexibility of the drill guide. The design team were pleasantly surprised
to see that the operators innovatively re-positioned the Drill Guide to drill all face holes, scraper rigging
holes, and fanning holes in the 1.2 to 1.3 m stope.

Subsequent and future developments

During the trial it became apparent that there is a real need to extend the Drill Guide concept as follows:
1. A height adjustment capability for stope widths higher than 1.3 m, and
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2. Small end developments e.g. gullies, raises and travelling ways.

Adding these two developments has resulted in a complete ‘Drill Guide stoping solution’ covering all
production drilling and development in the reef horizon. The stretching of the Drill Guide into face
drilling and bolting is the next ‘game changing’ challenge.

CONCLUSIONS

Over 40 initiatives employing various drilling, mobility and rock breaking technologies have failed to
achieve wide adoption in the SA narrow stope mining industry. Hence, hand-held drilling off a thrust
leg has retained its dominance, despite being based on technology patented 150 years ago during the
age of steam!

However, the new Isidingo Drill and Drill Guide that emerged from the Isidingo Drill Design Challenge
has been tested with promising results, and offers much needed improvements in safety, drilling speed,
energy efficiency, face advance, as well reductions in noise exposure, vibration, water, and energy
usage. The Isidingo Drill will fit into existing conventional mines and may be used as a hand-held drill
or mounted on a Drill Guide for face drilling of panels, gullies and raises. The reduction of weight
and/or the use of the Drill Guide makes it easier for new entrants, including women, to be involved in
drilling the rock face in narrow reef mines.

This instant adoption and recognition of the ease and flexibility by the operators indicates that finally,
a means of producing good drilling, may be at hand with a simple Drill Guide. Taken together and
building on existing narrow stope mining layouts and methods, these innovations offer benefits in
environmental, social and governmental (ESG) that legacy compressed air drilling cannot match. These
include reductions in energy and carbon emission, faster drilling, cleaner and quieter stopes with
improved safety.

Appendix 1 - Origins of the Isidingo Drill Challenge, the “Modernisation” Concept and ‘Mining
Vision 2030

The origins of the Challenge go back to November 2015 when ‘Operation Phakisa’ initiated by the Office
of the Presidency arranged a gathering in the Waterberg, of government (including representatives from
the departments of Mineral Resources, Trade and Industry, Science and Technology), The Minerals
Council, mining company technology executives, unions, mining researchers, and various mining
equipment manufacturers. Also emerging around this time was the concept of ‘modernisation’ to
address rising costs and threats to the sustainability of labour-intensive South African narrow reef
mines. The intention was to mine more cost effectively with the same layouts, people, and infrastructure
within existing mines, and to do this in a way that supported local industry and communities.
Modernisation was also promoted as a new alternative to mechanisation, which to some, is synonymous
with ‘machines replacing jobs’. More recently, the Challenge was aligned with what is the national
‘Mining Vision 2030".

Appendix 2 - Summary of drill rig, jig, and other new technology initiatives suitable for narrow reef
mining since 1980

Summary of initiatives investigated or trialled in SA narrow reef mines since 1980

Compressed air drill rigs

MMG&E HDPE ladder rail trialled in several West Wits mines

Boart / Anglo Tech Services (TDS) tubular steel mounted drill rigs

Boart continuous mining drill and “pop” with “propellant’ drilling rig on a tubular steel rail
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DDT hanging wall monorail drill feed

University of Pretoria/SIMRAC, Scamont and GST “drill-in-pipe” drill feeds to reduce noise

Various bar and arm mounted rigs including GST “post’ rig

COMRO Blast-on reciprocating flight conveyors (RFCs) with drill booms

Simple hole directors

Oil electrohydraulic or rigs with air or oil hydraulic drills

Sandvik and Atlas Copco XLP, ULP rigs

Air/oil electrohydraulic rig - eg ‘Stope Mech” and “Stope Master” with wheels or tank tracks

Water hydraulic rigs and jigs

Sulzer WASP 3-boom rig

HPE Walker, S.A.F.E., Strap, Canoe, and other rigs

Novatek air and water hydraulic drill jigs ‘Buffalo’ & HPE drill jig

Mechanical rock breaking - Hammer based

COMRO Swing Hammer Miner rotary flailing hammer and Impact Ripper twin reciprocating ballistic
hammer continuous mechanical miners mounted on self-advancing RFC face conveyors

COMRO Impact Rippers also on RFCs

HPE Trepanning Mining (in development)

Mechanical rock cutting - Linear and roller cutters

COMRO Rock cutting - linear slot cutters

Sandvik & Atlas Copco Oscillating Disc Cutter

Atlas Copco Rapid Mine Development System (RMDS)

Murray & Roberts, Master Drilling, Herrenenecht Raise and Tunnel boring

Anglo Gold/Boart, HPE & Atlantis Reef boring

Other non-explosive mining methods

Rock splitting; Plasma hole drilling; Anglo Gold TDS Diamond wire cutting;

Maxem Thermal spalling; CSIR Mining Tek Hydro fracturing; Controlled Foam Injection (CFI)
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Appendix 3 - Noise Dosimetry Report

Casella CEL Ltd.

Report On CEL-35X
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Figure 5 - Rock drill operator’s (RDO’s)RDO sound tag personal noise dosimeter report (20L N 119 2W; 21

August 2021)

.Appendix 4 - Drilling time measurements

Isidingo Drill Challenge - HPE DRILL GUIDE

Hole drilling cycle (average times for 211 holes x 1.24 m long)
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Figure 6. CSIR MMP measured drilling times for the Isidingo Drill on the Drill Guide
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