BMA - Daunia Mine
Flyrock Modelling

‘Lightning Exclusion Zone Reduction’
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rFIyrock — Lightning Exclusion Zones

During periods of electrical storms, blast charging processes are
suspended, blast areas are evacuated and large exclusion zones are
implemented ax L shots where lightning is present.

This project was ermine the safe lightning exclusion
distances for loade 1n open cut operations at Daunia Mine.

Standard’ Industry practices include —
Radius of 600 metres, and up to 1000 uetres applied,

’I‘Iwexchxsxonm&husmnmnamed 30 minutes after storm passes;

‘Limited’ or ‘No’ modelling validatigh conducted on actual in field loading

Exclusion distances largely historigal ‘Rnlcof'[}nunb’oﬁ(kslgn sumptios

Not based on Engineered or Scien# demm

Risk assessed off design not as lodded

Msﬁrcshaveanexch:smnzoh vk hvanmforﬂtmandmaybe nadequate to manage risk safely
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The Journey-for. Change:

- Engage indus expert to support trials and mdependently Annali
A aradis 14 v),

- Field tests in various ground conditions in multiple pits and RL’s;

- validated data captured for each blasthole via (Blastlogic);

- Integration of as lo data required for modelling software

(Blastlogic > Paradigm); . g S

" S - | &y d—L % B
- Communicationwith Blast crews new data process requirements =

” o — -~ // . = -

(Top of Product);



An overview of the Flyrock modelling work conducted.




Atlas Hole #1 (229 mm, 5 m aggregate
stemming, 134 kg ANFO @ 0.80 g/cc)
Charge length: 4.4 m
Effective hole dia: 220 mm

SDoB: 1.54 m/kg1/3
Cratering: No
Max projection distance: 15 m
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Atlas Hole #2 (229 mm, 4 m aggregate stemming,
295 kg T2040 @ 1.276 g/cc)
Charge length: 5.6 m
Effective hole dia: 229 mm
SDoB: 1.04 m/kgl/3
Cratering: Minor
Max projection distance: 13 m
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Atlas Hole #3 (229 mm, 4.5 m aggregate stemming,
159 kg ANFO @ 0.8 g/cc)
Charge length: 5.1 m
Effective hole dia: 223 mm

SDoB: 1.39 m/kgl/3
Cratering: No
Max projection distance: 12 m
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Atlas Hole #4 (229 mm, 4 m aggregate stemming,
188 kg ANFO @ 0.8 g/cc)
Charge length: 5.9 m
Effective hole dia: 225 mm

SDoB: 1.24 m/kg1/3
Cratering: Partial
Max projection distance: 90 m
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Atlas Hole #4 (229 mm, 4 m aggregate stemming,
188 kg ANFO @ 0.8 g/cc)
Charge length: 5.9 m
Effective hole dia: 225 mm

SDoB: 1.24 m/kgl/3
Cratering: Partial
Max projection distance: 90 m
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Atlas Hole #5 (229 mm, 4.5 m aggregate stemming,
283 kg T2040 @ 1.276 g/cc)
Charge length: 5.1 m
Effective hole dia: 235 mm
SDoB: 1.10 m/kg1/3
Cratering: Partial
Max projection distance: 43 m
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Atlas Hole #6 (229 mm, 4.5 m aggregate stemming,
272 kg T2040 @ 1.276 g/cc)
Charge length: 5.2 m
Effective hole dia: 228 mm
SDoB: 1.15 m/kg1/3
Cratering: No
Max projection distance: 9 m
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Atlas Hole #7 (229 mm, 5 m aggregate stemming,
234 kg T2040 @ 1.276 g/cc)
Charge length: 4.6 m
Effective hole dia: 229 mm

SDoB: 1.26 m/kgl/3
Cratering: No
Max projection distance: 0 m
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Atlas Hole #7 (229 mm, 5 m aggregate stemming,
234 kg T2040 @ 1.276 g/cc)
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Cratering: No
Max projection distance: 0 m
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Atlas Hole #8 (229 mm, 4.3 m aggregate stemming,
273 kg T2040 @ 1.276 g/cc)
Charge length: 5.2 m
Effective hole dia: 229 mm

SDoB: 1.1 m/kg1/3
Cratering: Minor
Max projection distance: 14 m
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Atlas Hole #8 (229 mm, 4.3 m aggregate stemming,
273 kg T2040 @ 1.276 g/cc)
Charge length: 5.2 m
Effective hole dia: 229 mm
SDoB: 1.1 m/kg1/3

Cratering: Minor
Max projection distance: 14 m
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Atlas Hole #8 (229 mm, 4.3 m aggregate stemming,
273 kg T2040 @ 1.276 g/cc)
Charge length: 5.2 m

Effective hole dia: 229 mm
SDoB: 1.1 m/kg1/3
Cratering: Minor
Max projection distance: 14 m
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Atlas Hole #8 (229 mm, 4.3 m aggregate stemming,
273 kg T2040 @ 1.276 g/cc)
Charge length: 5.2 m
Effective hole dia: 229 mm
SDoB: 1.1 m/kg1/3

Cratering: Minor
Max projection distance: 14 m
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Atlas Hole #8 (229 mm, 4.3 m aggregate stemming,
273 kg T2040 @ 1.276 g/cc)
Charge length: 5.2 m
Effective hole dia: 229 mm
SDoB: 1.1 m/kg1/3

Cratering: Minor
Max projection distance: 14 m




Natural Surface Test Holes

Tertiary material with high clay content.

Does this material behave differently?




Atlas Natural Surface Holes #1 & #3
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Hole #3
4m Stemming
983kg 2040

Hole #1
4m Stemming,
672kg Anfo




Hole #3
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Hole #1
4m Stemming,
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Atlas Natural Surface A#8
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Atlas Natural Surface A#8
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Atlas Natural Surface A#8
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Difficult to model footprint due to clay material breaking up.
No rocks identified outside clearance area.
Partial cratering did occur from hole but flyrock reasonably well contained.

e ATy AR
] AR

A8 was drilled in an old 'Fill point' dam through 2m fill to represent how fill material impacts
containment of blasthole energy.



Al Cratering













| Approx 4(m) crater
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Flyrock remains within
flyrock zone predicted




'‘Blast Hole Quality'

Checks were conducted to assess
the in hole conditions and stem
zone characteristics through fill

material of A8.







Hole A8 - Drilled through 2m of fill material.




Hole A8 - Drilled through 2m of fill material.







Fill material finished at this point -
2m from surface




Hole condition was poor between 6m - 10m. Large cavities appearing in what looks like an old creek bed.







'Titan West Pit'

3 x Holes with reduced stemming fired to replicate overloaded holes.
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Titan Holes #1, #2 and #3 (229 mm, T2040 and ANFO
StemHt: #1 @ 3.4 M, #2 @ 3.5m, #3 @ 3.5 m

SDoB: #1 @ 0.88 m/kgl/3 , #2 @ 1.05 m/kg1/3, #3 @ 0.88 m/kgl/3
Cratering: #1 Partial, #2 Partial, #3 Complete
Max projection distance: 270 m
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Note - Angle of Trajectory of each hole. Hole #1&2 partially crater.
Hole #3 on right has complete cratering.










Statistics - Lundborg 'v' Insurance Information Institute of USA (lll) = 1:
Lundbor 1] Flyrock Model
Accidental fall 5,000 139,544
Motor Vehicle 1,538 9,008
Probability of flyrock strike if 1 million fragments projected 100,000
Accidental Drowning 25,000 454,860
Probability of flyrock strike if 1 thousand fragments projected 100,000,000
Lightning 1,818,182 12,754,000

Where does the risk of Unplanned Flyrock sit in comparison to other on site activities
based on Statistical data?

Eq:

LV /HV Interactions?

« Dumping over tip heads?

« Hot Works?

« Working Around Water?

« Working Near Crests and Slopes?

BMA Presentation 2018



p Flyrock Exclusion Zones - Probabillities

When considering an appropriate Factor of Safety(FOS) to be applied to extreme weather exclusion distances, the following
probability factors must be considered pertinent for Risk Assessment purposes with respect to collar flyrock ejections.

» The probability of a lightning strike, sufficiently close to a loaded pattern as to initiate a column of explosive, is low;

» The probability that a nearby lightning strike will initiate either an AXXIS electronic detonator or a column of explosive is
low;

« The probability that an unplanned detonation due to lightning will produce large flyrock projections is low;

« The probability of ejecting a rock fragment of optimum size to achieve maximum projection distance is low;

« The probability that a rock fragment will be ejected at the optimum angle to achieve maximum projection distance is low;
» The probability that a rock fragment will be projected in a particular direction where personnel are working is low;

«  The probability that a rock fragment will strike a small footprint (e.g. vehicle) is very low.

The risk to nearby operators is the product of all of the above probabilities

BMA Presentation 2018 | 5
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Note - Paradigm calculates the maximum flyrock range a rock fragment could travel if "optimum size and angle" is achieved.




ENGINEERING / DESIGN
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A robust process is required;

- Drill hole positioning on face row must have burdens checked;

- Must review the actual hole placement in field, not design (Driller accuracy)
- Auditing of this step by operations Supervisors must be conducted;

- 'Engineering' and 'Operations' must both ensure compliance is achieved.
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Highwall Scan 'v' Drill X,Y,Z
Standard Deviaiton of drill holes on face




Triangulation o A
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Actual X,Y,Z from drill records

Section Type
@) Create or replace the window's primary section

Create a section through all objects
Create a section through a single object

Primary Section Shadows
Draw shadows

Clipping Planes
Clip By width v Step size 0.0
@ Symmetrical clipping Display grid spacing 100.0

Width either side 3.0 Display colour -
Asymmetrical clipping

Select Plane By
Line segment @’ 2 points
3 points
Guide centre line
Easting

Northing

Level

Facing | left to right



Actual X,Y,Z from drill records




Mapping Scan against X,Y,Z from drill log.

Variances show for a 20(m) bench (-)500mm




Influencers can include:

- Geology

- Bit type

- Pull down force applied
- Rod deflection

- Depth of hole







OPERATIONAL

RESPONSIBILITIES




{ In Field;
- Robust quality control and records for Top of Product (ToP) information must be captured;

| - High level of confidence in the blast crew to capture accurate data in Blastlogic;
- Requirement for MPU operators to record (ToP) before leaving blast hole to prevent fallback;
- Accurate (ToP) data for every hole to record actual explosives top.
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COMPLIANCE

CHECKS




Daunia Drill and Blast Survey Audit Dashboard

List of completed audits List of completed audits (since Percentage of surveys Legend
(since August 2018) August 2018) undertaken where no
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'Surveyl123' is an App which can be uploaded by multiple users including Shotfirers,

Supervisors, OCE's to conduct in field verification of blast crew loading practices.




Daunia Drill and Blast Survey Audit Dashboard
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'Surveyl123' is an App which can be uploaded by multiple users including Shotfirers,

Supervisors, OCE's to conduct in field verification of blast crew loading practices.
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| The dashboard will allow us to track who does the audits and give

an overview of how many are conducted for each pattern.
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This is a result of good
on bench loading
Practices?

-It's not just luck.
-1t is repeatable...




- We have great technology available today,
- If we educate

- If we encourage and demand best practice from crews....,

We can provide a much safer outcome, by
removing the emotional decission making
process and use real time data and science to
establish safe clearance zones.
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Flyrock Testing Results

Thank You for watching.




