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Two well-controlled trials, each lasting about six months, have yielded definitive
information regarding water and energy usage for water hydraulic drilling, bolting, and
cleaning. One trial was carried out in a medium-depth UG2 platinum stope, and the other
in a deep-level gold mine. This paper reports these two trials as case studies and provides
important insight into how much water and energy is needed for narrow reef mining with
water hydraulic technology. In addition, detail is provided about drill operating times,
power pack run times, and this is all related to production, and the drilling and cleaning
tasks with checks made by independent consultants. Data was gathered in two ways - with
daily log sheets, rolled up into monthly averages, and tens of thousands of minute-by-
minute flow, pressure, and time data sets. This produced representative monthly averages
and insight into the short-term variations within and between shifts. Given the high costs
of under-performing, energy inefficient compressed air drilling systems in conventional
narrow stope mines, the results from these case studies allows decision makers to better
evaluate water hydraulic drilling, bolting, and cleaning solutions based on measured data
and calibrated calculations.
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INTRODUCTION

Water hydraulic drills, bolters, ancillary equipment, reticulation, and power packs have come of age
over the last three decades. This technology is being seen more and more as the best alternative to under-
performing compressed air powered drills and ancillary equipment, especially as real electrical energy
costs continue to rise, and the national electricity supply is increasingly constrained. While originally
developed for gravity based, centralised “hydropower” systems, the trend over the last two decades has
been towards power pack-based systems connected either with hoses or, in larger multi-workplace
systems, with hoses and pipes. This applies equally to new projects and to conventional mines where
low compressed air pressures contribute to poor mining performance. The term ‘water hydraulic” is
deliberately used instead of “hydropower’, as the newer power pack-based systems are more like “oil
electrohydraulic” systems than gravity based ‘hydro” systems, but without the oil, making them a truly
"green and sustainable’ means of powering mining activities.

This case study data is based on two trials - one in a medium-depth UG2 platinum stope and the other
in a hard basalt-reef stope in a deep gold mine. Together, they span the range of very fast drilling in
‘soft” UG2 to slightly slower drilling in ‘very hard” basalt reef. The trials were set up to meet several
objectives and to provide many key performance indicators (KPIs) of specific interest to mine managers,
energy conservation professionals and mining consultants. Besides water and energy usage, these KPIs
included safety, remote drilling, production improvements (e.g. face advance per month), drilling
speed, noise, vibration, operator acceptance, equipment reliability, etc.
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Importantly, the data from these trials provides guidance regarding environmental, social and
governance (ESG) factors —- permitting better strategic decisions to be made on how to improve the life-
of-mine (LOM) for many older conventional compressed air mines, and to attract investors for new

greenfield projects or brownfield expansions at existing mine sites.

Site facts

Table 1. Site facts

Site facts

Mine Pt

Mine Au

Area and
type of mine

Rustenburg based platinum mine

Welkom based gold mine

UG?2 stope, disturbed ground with

Basalt reef (hard), competent hanging wall,

Reef and | significant rolling and faulting no bolting required, panel ran into a large
geology Up dip panel layout fault !
Depthand dip | ~850 m x ~11 deg dip 1 842 m x ~22 deg dip

Period of trial

6 months in 2021; hand-held
drilling in July and Aug, then
transitioned to Drill Guides from
Sept to Dec.

Drilling continued thereafter, but
results reported in Table II are
averages for the six-month period
Jul to Dec

Trial commenced with some raise drilling
in May 2021, but the stoping period was
only for ~4.5 months from July until the
panel mined up to the fault. Average
results in Table II are for Aug & Sep 2021
which correlates with time data logger
measured 22 000 minute-by-minute data
sets (time, flow rate and pressure)

Scope of trial

Water hydraulic drilling & bolting
No water powered ancillaries or
water jet-based cleaning.

This was deliberate to capture
drilling water and energy only.

Water hydraulic drilling and water jet-
based cleaning

No bolting or water powered ancillaries. (A
single jet pump was used for about two
weeks of the measurement period, but then
was removed)

Power pack (PP)
and reticulation

One x 3 1/s x 18 MPa x 55 kW PP3 power pack supplied
One four-way manifold via NW25 hoses.

The drills were connected via NW13 *

staplelok” hydraulic hoses

Dirills and
cleaning tool

Four drills used only on day shift. 1
x gully, 2 x panel face,

1 x bolter drill

Dirills guides replaced thrust legs in
the panel from Sep to Dec

(Face scraper cleaning.

Air ancillaries used)

Four drills used only on day shift. 1 x gully,
3 x panel face

Breast plate type jetting gun was used to
clean the panel on night shift

(No face scrapers.

Air ancillaries used)

Measurements
and data
capture

The drilling task (no. of holes and metres drilled) was calculated from the drilling
pattern and daily counting of standard-length holes. Water usage was measured
with a mechanical totalising flow meter in the mine service water (MSW) inlet to
the power pack. PP run hours, and the tens of thousands of minute-by-minute
time/flow/pressure data sets, were logged by the PP PLC.

The Mine Pt layout plan and the equipment used in the case study trials is shown in Figure 1.
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Figure 1. Mine Pt layout (top) and equipment used in: Mine Pt (bottom left) and Mine Au (bottom right)
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RESULTS AND DISCUSSION
Monthly average trial results

Table II. Case study trial results

Results Unit Mine Pt Mine Au
Main activities (no ancillary equipment used) Drill & bolt Drill & clean
Period used in average calculations t?) g; (()jnths Jul é 8§nths Sep
Centares (Mine Survey Report) Ca/mth 257 477
Reef tons t/mth 1165 1442
Face advance m adv 12.8 16.0
Average advance per blast m adv/blst 1.10 0.79
Panel length (incl. ASG as per Survey Report) m 20.0 29.8
Stope width m 1.24 1.10
Relative density of reef + waste package - 3.65 2.75
No. of equivalent full blasts per month blst/ mth 11.7 20.5
Holes drilled for panel, gully & bolts holes/mth 1801 2206
Total metres drilled md/mth 2321 2793
Drilling task: metres drilled per Centare md/Ca 9.0 59
Drilling task: metres drilled per ton reef md/t 1.99 1.94
Metres drilled per blast md/blst 199 136
Average standard hole length from drilling pattern md/hole 1.29 1.27
No. of drills and bolting drills used for full blast drills 4.0 3.7
Metres drilled per drill per blast (average) md/drill/blst | 50 37
Power pack run time
Day drilling shift - PP run time h/mth 49 95
Night cleaning shift - PP run time h/mth - 116
PP total time run time h/mth 49 210
Drilling water usage
Drilling water per ton m3/t 0.16 0.41
NIGHT Cleaning - Cleaning tool & leaks water per ton | m3/t 0.46
DAY + NIGHT PP total water usage per ton m3/t 0.16 0.87
Drilling water used per metre drilled 1/md 82 198
Drill operating times
Ave. drill operating time per hole min/hole 2.0 41
Ave. drill operating time per blast h/blast 1.26 2.04
Energy usage and power draw
Ave. % of run-time PP operated at full load % 38% 58%
PP energy per ton reef kWh/t 1.12 5.16
PP energy per metre drilled (approx.) kWh/md 0.56 2.66
Ave. PP power draw kW 26.98 354
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Ave. power draw per drill for PP run time kW /drill 6.7 9.6

Ave. PP diversity = Ave. PP draw / Full load PP draw % 47% 65%

Water usage per ton: The shorter platinum stope, with the higher density rock, which was easier to drill
and delivered more tons due to the higher stoping width, gave a much lower drilling water usage of
~0.16 m3/t compared to ~0.41 m3/t for the gold mine.

The night shift cleaning water usage for the 30 m panel gold mine panel was ~0.46 m3/t. This is
predominantly water for jet cleaning with a 2.1 1/s high-pressure, low-flow jetting gun with an
automatic shut-off trigger. This is significantly less (by factor > 2x) than the mine’s current low-pressure,
high-flow, 3.8 I/s "dump” gun jetting tool that uses water continuously for as long as the pump runs.
Put into context, and assuming that drilling water for compressed air and water hydraulic drills is
comparable (see Cronje 2022) a drilling water usage of 0.16 m3/t is only 11% of the total usage for a
platinum mine that uses 1.5 m3/t mine-wide. This illustrates that drilling water is not the key driver of
water consumption. Lamprecht 2019, provides evidence that between 60 and 80% of all water used in
large, mature compressed air mines, is wasted through leaks. Hence any debate on reducing water
usage must logically start with identifying all uses of water (legitimate uses including drilling, cleaning,
cooling, oil electrohydraulic power pack cooling, etc.) and waste due to leaks etc.

Water usage per metre drilled: This varied from 82 to 198 1/md in Mine Pt and Mine Au, respectively. This
compares with estimates of 18 992 litres/ 235 md = 81 1/md for a platinum mine and 25 344 litre /135
m = 188 1/md for a gold mine reported in Fraser 2010, thus confirming the earlier calculation method.
Energy usage per ton: Similarly the PP energy to power drilling was 1.12 kWh/t for Mine Pt compared
with 5.16 kWh/t for Mine Au excluding de-watering pump energy usage. A 68% overall pump-set
efficiency yields ~4.10 kWh/m3/km lift. Hence, for 1.0 and 2.0 km de-watering pumping lifts
respectively, these energy usage figures increase to 1.12 + 4.10 x 0.16 x 1.0 = 1.12 + 0.66 =1.78 kWh/t for
Mine Pt and 5.16 + 0.41 x 4.10 x 2.0 = 5.16 + 3.36 = 8.52 kWh/t for Mine Au when de-watering pumping
energy is included.

Energy usage per metre drilled: Similarly, the PP energy to power drilling was 0.56 kWh/md for Mine Pt
compared with 2.66 kWh/md for Mine Au excluding de-watering pumping energy usage.

Drilling times: The average drilling time per hole were about 2.0 and 4.1 min/hole. The fast drilling in
the Mine Pt was aided by using the Drill Guides. Kienle 2022 reports hole drilling times for 211
individually measured 1.24 m holes by the CSIR Mandela Mining Precinct as 2.04 minutes per hole.
Assuming a percussing, but non-penetrating time for moving, collaring, pull-up and retract of 0.7
minutes per hole with the Drill Guide and 1.0 minute for hand-held drilling, the average rate of
penetration (RoP) in the UG2 platinum reef was about = 1.29 metres / 1.21 minutes = 1.1 m/min in UG2
compared with 1.21 metres / 3.13 minutes = 0.4 m/min in the very hard basalt reef.

Drill operating times: The average drill operating times per blast were 1.26 h/drill/blast and 2.04
h/drill/blast in the platinum and gold mine panel, respectively. In the gold mine, hand-held drilling,
the very hard rock, and the steeper dip all contributed to slower drilling. This said, the crew delivered
significantly better mining performance (factor 4x), than when drilling with compressed air as shown
in Figure 2.
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Fiqure 2. Production achieved in Mine Au with air drills (December 2020 to May 2021) and with water
hydraulic equipment (July to November 2022)

Advance per month: This was 12.8 m/mth and 16 m/mth in the platinum and gold panels, respectively,
which is significantly higher than industry averages of 7 to 10 m/mth. Lost blasts: In the platinum mine
about half of the available shifts were lost due to other non-water hydraulic equipment reasons,
compared with about 25% in the gold mine.

Production: Production on the 20 m UG2 panel averaged 311 Ca/month over six months. The 30 m gold
mine panel averaged 477 Ca/month for the two months included in the average. Advance per month: The
advance per blast was much higher with the Drill Guides in the UG2 stopes at ~1.14 m/blast compared
with ~0.79 m/blast for the hand-held drilling in the basalt reef. Kienle 2022 explains why the good
drilling delivered by the Drill Guides improves advance per blast.

Hand-held vs Drill Guide Drilling: The first two months to the platinum mine trial was done with hand-
held drills, and the last four months with Drill Guides, thus allowing a comparison between the two
methods of thrusting the drill. The Drill Guide increased drilling speed by 15 to 20% compared with
hand-held drills, and therefore also reduced water usage by the same percentage and is discussed more
fully in Kienle 2022.

Average power draw per drill over the PP run time: The average power draw per drill was 6.7 kW /drill in
the UG2 stope and 9.6 kW/drill in the basalt reef stope in line with the more arduous drilling and
resulting lower and higher power pack average loading respectively- see below.

Power pack average loading: Based on the monthly average values, power packs were loaded on average
between 47% and 65% of the time. The higher percentage in the gold mine corresponds with the longer
panel, harder rock, slower drilling, and jet cleaning tasks. While the spread of drilling and cleaning
activities reduces the average demand during the middle of the shift, the demand will be closer to 100%.
Because the equipment demand is so variable, it is vital that power packs can efficiently reduce the flow
rate delivered to match the demand exactly, i.e. to efficiently control capacity.

Noise: In the platinum mine, a personal noise dosimeter ‘sound tag’ was pinned to a rock drill operator’s
overall, near his ear, and delivered the following results: LAeq of 90.1 dBa and a Lex8hr (Proj.) of 90.1
dBa (Kienle 2022 includes the report certificate). Wearing a hearing protection device will reduce this
well below the acceptable eight-hour 85 dBa requirement. This is no surprise, as all water hydraulic
drills meet the regulated 107 dBa peak source requirement and are substantially quieter than
compressed drills, due to the absence of the supersonic exhaust shock wave, despite being two to three
times more powerful.
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Power pack capacity control: This was achieved using a mechanical unloader valve, piston accumulator
and programmable logic control (PLC) system and, as in both trials, was proven to be very efficient and
reliable and no water was wasted in matching power pack supply to equipment demand.

Stope temperatures: In the platinum mine, an independent consultant measured the increase in wet bub
temperature at the exit of the stope before and during drilling. The increase measured was less than
0.5°C and the heat transferred from the power pack into the air was estimated at 2.4 kW. This agrees
with calculations that only about 5% of the electrical energy absorbed by the motor goes into the air
around the motor fan and pump crankcase. The rest of the electrical energy reports to water or is used
to break rock. In travelling down the stope, the spent water on the footwall picks up heat from the rock.
It should therefore be removed from the stope before it can mix with rock producing mud or ponding
and transfer heat and humidity to the air. For all these reasons dirty water must be managed. This is
best done by using a jet pump to lift water off the footwall into a gravity drainpipe at the earliest
opportunity.

If the MSW enters at a less than 3°C below ambient air temp, then no heating will take place. Indeed,
using chilled water is what makes mining possible where virgin rock temperatures approach or exceed
60°C and make water hydraulics very attractive as part of an integrated mine cooling strategy in hot
mines to effectively remove heat from the reef horizon.

Anecdotal observations confirmed the local ‘positional cooling” effect due to introducing cooler water
in the vicinity of drillers while drilling.

Mine Service Water (MSW): In the gold mine, the MSW was dirty, and low MSW pressures resulted in
many pump trips. These were rectified by cleaning the bag filters and re-starting the power pack,
without noticeable loss of production, but with unnecessarily increased pump wear.

Dirty water management (DWM): In the platinum mine, rock was scraped up dip, and dirty water
gravitated down to a dirty water pump where it was quickly removed from the reef horizon into a
drainpipe. This was very effective and prevented dirty water from entering the rock handling.
Accuracy of measurements: Individual measurements are estimated to be accurate within 5 to 10%.
Indicators made up of two values are therefore accurate within 10 to 20%, say ~15%.

Operating costs: The six-month duration trials were too short to provide exhaustive data on maintenance
and operating costs. However, preliminary costs were in line with projections and confirmed a lower
overall stoping cost per ton mined than for compressed air drilling.

Trial results from minute-by-minute data set measurements

The 4IR-enabled PP3 power pack control PLC was used to log data and to record any fault conditions.
Importantly, it was used to provide insight into equipment demand patterns and allowed statistical
analysis from tens of thousands of time, flow and pressure data measurements. A selection of some
high-level, minute-by-minute, results are shown in Figures 3 to 5.
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Figure 3. Mine Au power pack run times. Notice the wide variation of shift start and end times. The red dots
show when the power pack tripped due to low MSW pressure

Pressure & Flow VS 24 Hour Time

.

PP pressure
~15.5 to 18.0 MPa

Seldom below 15 MPa * ':.,

Flow varies from
0to3 nom.l/s

Pressure [MPa]
S

O = N W s U OO N 0 WO
Flow [nom. I/s]

04:00:00 §
21:00:00 |

o o
Q
S o
e @
S o
& o

02:00:00
03:00:00
06:00:00
07:00:00
08:00:00
09:00:00
10:00:00
11:00:00
12:00:00
15:00:00
16:00:00
17:00:00
18:00:00
19:00:00
22:00:00
23:00:00
00:00:00

« Pressure o Flow

Figure 4. Mine Au minute-by-minute average power pack delivery pressure in MPa (red dots) and flow rate
(blue dots)

338



70

60

50

40

30

Daily usage [m%¥day]

20

10

o

2002 e
-

j—

102 e ———
|
—
]
-

07/09/21
14/09/21
28/09/21
05/10/21
19/10/21
26/10/21
02/11/21

mDay M Night

Fiqure 5. Mine Au shift-by-shift water usage

Shift-to-shift variations: It is important to notice the significant shift-to-shift differences between of
individual shifts and hence the importance of averaging to obtain representative values.

CONCLUSIONS

Two very different, six-month long, water hydraulic stoping trials - one in platinum, the other in gold
- have provided a wide range of information that has never been published in this level of detail.

The parameters reported were averaged over several months in production stopes and are therefore
representative of the drilling, bolting, and cleaning activity measured. Independent checks and
measurements were carried out by several independent parties (ie, CSIR - Mandela Mining Precinct,
Eta Operations, and the mines), and confirmed the accuracy of the data collected, and the methods of
aggregating the data, thus supporting the general veracity of the trial results.

Both trials demonstrated advance rates significantly higher than current industry averages and were
positively received by users and management. In each mine, the trials were extended ... in the case of
Mine Pt to a full half level. This is compelling and demonstrates that effectively delivering hydraulic
power to the face reduces cycle times and lost blasts. Furthermore, increasing output also reduces unit
costs (eg R/1).

Water hydraulic technology can materially help in modernising many South African mines as well as
contributing significantly to environmental, social and governance (ESG) factors - cleaner, cooler and
quieter stopes, less arduous drilling, extended life-of-mine, local manufacturing and service job
employment and improved economic performance.

Importantly, modern water hydraulics can help reduce water and electricity consumption significantly.
This is critical given the energy constraints and rising costs South Africa is facing and the national debate
regarding conserving and not polluting our precious water resources.

These trials provided definitive numbers on multiple specific KPIs. These positive results will in turn
give rise to many frequently asked questions (FAQs) about incrementally introducing water hydraulic
technology into existing conventional compressed air mines or into a new mine. For the sake of
completeness, concise answers to these questions are provided for interested readers
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in the Appendix

Appendix - FAQs

Ten FAQs) are addressed as these inevitably emerge in any discussion about incrementally introducing
water hydraulic technology into existing conventional compressed air mines or powering a new mine.

use more water
than compressed
air drills?

FAQ Answer

How safe is | Water hydraulic technology in South Africa has an excellent, 30-year long, safety record.

water hydraulic | All equipment is designed to recognised international standards, fully risk assessed,

technology? tested, and supported with appropriate documentation and training modules. It is well
proven and about 7 000 drills, from three different drill OEMs, are in use at over 40 mine
sites.

Do water | The legitimate use of drill water for both water and air drills are comparable. Poorly

hydraulic drills | understood and harder to quantify, is the wastage due to leaks from continuously

pressurised pipes. This dwarfs legitimate use and needs to be evaluated. NB water drills
operate at higher instantaneous flow rates than air drills, but this flow stops when
percussion stops. Cronje 2022 includes a simple illustrative calculation of drill water
usage.

Do water
hydraulic drills
use more energy
than air drills?

No. Water hydraulic drilling uses much LESS energy, because compressors are less
efficient than plunger pumps, and because large, compressed air systems are plagued
by pressure drops and leaks. Estimates vary, but water hydraulic drilling energy usage
(motive energy plus energy for de-watering drilling water) is 10% to 30% that of
compressed air drilling. In these comparisons, energy associated with compressed air
for Refuge Bays must be removed.

Can water in
stope ore-passes
holes and mud in

Any mine which puts water into a stope but does not provide for a means of removing
it in a pipe or drain hole, risks water mixing with the rock, gravitating into ore passes
and making mud. Only if dirty water is pumped off the footwall into a gravity drainpipe
at the earliest opportunity, can these risks be eliminated. This is known as dirty water
management and can reduce air heating and humidification caused by ponding of warm
water on the footwall.

X-cuts be
eliminated?
What about other
compressed  air
equipment?

A comprehensive suite of ancillary tools, drill rigs, motors, cylinders, etc. has been
developed over the last three decades and covers all the tools in common use.
Additionally, water hydraulic drill rigs for flat end development, long hole drilling (box
holes, vent raises, vertical silos, drain holes), Box Front Systems and other mining
systems are available.

How reliable are
water drills and
power packs?

Water hydraulic equipment reliability is comparable with air counter parts and effective
service exchange systems exist. Power pack reliability is excellent with availabilities of
~98% if optimally maintained and if MSW quality is to standard.

Which is the best
type of water
hydraulic system
- stand alone or
inter-connected?

Single panel power pack hose-based systems are well suited to a few isolated
workplaces. A full half level, multi-raise layout with many workplaces within less than
say one kilometre, is best connected to a cluster of larger multi-pump power packs by a
mix of pipes and hoses so that all demand and capacity can be shared and extended
anywhere. Like any reticulation system, pipe and hose sizes must be designed for safety,
low pressure losses, reliability, and overall lowest life cycle cost.

How easy is it to
implement water

This can be implemented using established project management techniques and
personnel. It involves engaging with all levels of management and labour and
communicating what is being changed and why. It affects not only users but all
supporting functions eg HR, logistics, and engineering, etc. It has infrastructural
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hydraulic
technology?

implications (MSW water supply, electrical power, etc), and should include union
engagement and an effective incentive system. It must be driven by top management.
Transferring the water hydraulic knowledge, understanding and best practices is a
change management intervention that needs to be monitored and mentored until it is
embedded as the new norm. Air RDOs typically become proficient with water drills after
a few shifts

Is water
hydraulics more
expensive than
conventional

compressed air?

No. PROFIT = REVENUE less COST and increasing revenue is key, because most large
costs are fixed. Water hydraulics can increase revenue compared with under-performing
air drills and therefore reduce unit costs ie R/t or R/ ounce PGMs or Au. Capital payback
periods are typically 1 to 3 months based on additional gross margin contribution
(revenue less all-in-sustaining-cost). Payback periods based on energy savings only are
typically between 1 and 3 years.

What is the status
of the
" .
compressed  air
versus alternative
power  sources”
search?

The Isidingo Challenge process clearly articulated the need for an alternative to
compressed air - Kienle 2022. Initiatives for 100% electric drills failed and hand-held oil
electrohydraulic drills have yet to be proven or be widely adopted. Indeed, this search
is over 30 years old as confirmed by Harper (1993). Thus far, water hydraulic solutions
have emerged as the better alternative. The compressed air drill, first patented in the era
of steam, is under-performing, energy inefficient and burdened with ever-increasing
real electricity costs and supply constraints. Even in old, compressed air mines, there is
significant interest in selectively powering suitable areas with water hydraulics so that
the remaining air sections can perform better. New, narrow stope mines with tabular ore
bodies dipping at more than 12° are being planned around water hydraulics. The mining
industry is risk averse and conservative, but better understanding and improvements in
water hydraulic technology will promote further growth and adoption of the technology
as the industry attempts to “modernise” itself and comply with ESG necessities.
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