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Digital Mine-to-Mill/Pit-to-Port

Machine learning models learn from operational data — “twinned”.
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Ore Characterisation Methods

* Proprietary ore tracking through blended stockpiles,
COS, conveyors, etc




Ore Tracking

« 10s to 100s of millions of
tonnes of ore tracked to
downstream process e.g.
shovel, crusher, mill, recovery,
specific energy etc.

* 10s of thousands of ore
batches matched to the
downstream process data e.qg.
crusher downtime.
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Fragmentation for Underground Ore
Characterisation (Point Cloud Scans e.g

Hovermap). PETRA is providing FRAGx and
MAXTA free to ARC PhD students.
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Geometallurgy Recovery Prediction
Case Study 1

PanAust Ban Houayxai, Silver-Gold Operation, Loas. Geometallurgy machine
learning model deployed into the block model based upon 10 million tonnes
of historical data (AusIMM Complex Orebody Conference, Carpenter et al
2018)
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Predict Tailing Grade — Revenue Increase through

Higher in Recovery
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Interpreting Digital Twin ML models with SHAP
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Upload Block Model
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R, vinny.tortorella@petradatasc. ..

Marlu Geomet
< Geomet For Marlu Upload Block Model
S, Geomet

Predictions Currently Processing

GEOMETCPH_20191010_MAC_...

100%

In process queue

Site Site E

Upload Details
vinny.tortorella@ petradatascience.com

15:22:55 24/02/2021 -800

E L]

Cancel

Predictions Ready for Download

anon_bm_20210209.bmf anon_bm_20210216.bmf MAXTA_CPH_C_STPM.bmf




Download Block Model
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Geometallurgy Case Study 2

Open Pit Iron Ore mine. Mill throughput prediction model deployed into the
block model for mine planning and blending.
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Machine learning models feedback actual mine
performance into mine planning:
Blending increases mill throughput.




Drill & Blast Case Study 1

Iron Ore Case Study — Drill & blast optimisation to minimise crusher
downtime due to blockages at the crusher.
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Minimise crusher
downtime due to
oversize

» Drill and blast simulation identifies the
best design for each geological domain

» |dentify with 78% accuracy location of
oversize allows operation to proactively
manage.
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Simulate effect of drill&blast desi

crusher downtime.

Simulation Results

Fraction of crusher 1 Fraction of crusher A

3 Di Explosivi = ¢ Avera non-zero ;
Polygon Used Explosive P 3 Burden , *P e Stemming blocks with Sregenen o7 2 blocks with
Conf 1D 4 5 (degre Diameter (mm) Subdrill (m) 3 Quantity A Crusher 1 Downtime 3
(filename) Density Spacing (m,m) > (m) predicted predicted
es) (kg/m?) g (seconds)

downtime downtime
@ 0 downtime (1).poly. 1 90 229 18 5.06.0 362 32 0.04 367 seconds (19 blocks) 0.03 28
@ 1 downtime (1).poly. 0.82 90 229 18 5.06.0 308 32 0.05 346 seconds (23 blocks) 0.04 2€
@ 2 downtime (1).poly. 0.82 90 229 1.8 5.56.5 308 32 0.05 348 seconds (23 blocks) on 27
@) 3 downtime (1).poly... 1 90 229 18 5565 362 3.2 0.04 367 seconds (19 blocks) 0.02 2
@ 4 downtime (1).poly. 11 90 229 1.8 556.5 399 32 0.02 295 seconds (9 blocks) 0.03 20
@ ) downtime (1).poly. 1.15 90 229 18 5.56.5 17 32 0.02 301 seconds (9 blocks) 0.08 22

‘ »

Export Selected Reset table view

Simulation Options

Stemming Length — Burden,Spacing : ¥ Explosive Quantity : na kg/m*

Explosive Density : 1 ¥ Design Diameter: 165 ¥ Subdrill (m): = 1.5




Drill & Blast Simulation
Case Study 2

Iron Ore Case Study — Drill & blast optimisation to simultaneously maximise
dig rate and crusher throughput whilst reducing blasting cost.
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AXTADrill&Blast Simulation

ncrease crusher throughput and 25-30% reduction in explosive costs

oy switching to ANFO.
Se——

ﬁ MAXTA Drilland Blast v Process Geomet Interp

Simulation Inputs

Found 6 blast boundaries

1 BECRICH  throughput (4).polygons selec...

: - - .
Simulation Results
All 1 2 3 4 5 6
Conf Badndary EE‘:ST S,Bf(]'.i;"m x Hate E::"“e“" Stemming (m) Digrate (tph) Primary Crusher (tph) Pm;;‘%:c:::;m ! D'iﬂ"(’t:f"”dé’ Cost T";';f:(’,’“
@ Baseline for 2 1.10 6.0x7.0 0.251 3.9 3770 3200 0 315236
@ D throughput (4).polygons - 2.0 0.82 7.0x8.0 0.251 48 3980 3450 7.8 -51.7 315236
@ D throughput (4).polygons -2.0 0.82 6.0x7.0 0.251 48 3940 3430 7.2 -34.5% 315236
@ D throughput (4).polygons - 2.0 0.82 7.0x8.0 0.251 44 3890 3330 4.1% -48.3% 315236
@ D throughput (4).polygons - 2.0 0.82 6.0x7.0 0.251 44 3900 3310 3.4% -31.0% 315236
@ D throughput (4).polygons - 2.0 0.82 6.0x7.0 0.251 42 3920 3310 3.4 27.6 315236
@ [:] throughput (4).polygons - 2.0 0.82 6.0x7.0 0.251 4.0 3970 3310 3.4 27.6 315236
@ ﬂ throuahput (4).polvaons - 2.0 1.10 7.0x8.0 0.251 4.4 3910 3310 3.4 31.0% 315236
4 »
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Load&Haul Performance Prediction
Case Study 1: Excavator digrate.

Iron Ore mine in Western Australia. Accurate estimation of excavator digrate
to improve fleet efficiency through reduced under-trucking and over-trucking.
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Digrate actual performance fed back into block model:

= All planning horizons from LoM Block-by-block dig rate prediction accuracy +/- 1-5%

to short-interval control.

= Interoperable with mine

planning tools e.g. Vulcan.

= [ncrease in fleet efficiency by
reducing over and under

. trucking



Dynamic Set Point Optimisation
Case Study 1: Recovery/Yield

Open Pit Copper-Gold Porphyry operation: Predict rougher scavenger copper
grade six hours in advance, minimise tailings grade (optimisation algorithm
recommends set points every shift) & provide predictor importance insights.
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Crusher Set-point Optimisation
Case Study 2

8 significantly differently ore classes identified. Optimal ranges for target tonnes for each ore
classes and apron feeder rate. No benefit operating below 1000 tonnes per hours - no need to ramp
up — Overall 12 % improvement by using both the fast start-up and optimised operation for single
crusher operation. Theoretical improvement of 24% if there was no tonnage restriction on the

crusher's conveyors circuit.



Stockpile Ore Characterisation




Ore Characterisation

Wet - 110mm in a week

Fragmentation Classes:

PSD p50 (Fine < 87mm, Coarse > 87mm)
PSD p80 (Fine < 200mm, Coarse > 200mm)

Wet Dry Wet Dry Wet
jaw  FineFine FineFine CoarseFine CoarseFine FineCoarse

1 607 448 386 463 554
2 543 465 495 503 532
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Throughput
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