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Pattern Expansion — Fragmentation with Drones
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The Blast Process is Changing...




The Blast Process is Changing




And also the way to control if!
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How Drones support operations’s
efficiency — Pattern Expansion?e



What is a Drone@¢

UAV - Unmanned Aerial Vehicle:
- Non crewed Aerial vehicle

Civil Application

Military purposes Mining Applications




Drones in Mining I

survey MaABoIA misfires structures dilution machinery
procedures PPRING Inspection Inspections control tracking
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Muckpile mapping






How to use a Drone to Confrol Fragmentation and
save cost in Blastinge
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The Flight Plan M
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Data Treatment

Align Drone Photos

Build Dense model

Build Mesh 1

Orhtomosaic
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before and after blast - O-Pitblast -n x

FreeFace Borcholes Charge  Non-Blectric  Electronic Attenuation Law  Map

Volume: 0.0’ Surtace:0.0m* Invisble Holes: 0



Fragments Detection
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= Fragmentation Report
€Jo-pitblast g

SiteName: | ~ Explog  Joate | 721/03/2018
Blasti: | 238 ~ |D&BResponsable:
rag. Analysis by:

Fragmentation Curve

1 Analysis (31 Data Ponts)  marzo 22, 2018 13,3203
32110 - User - Campany (110399051 05416348]

020 = 231,80 mm
D50 = 554,11 mm
DB0 = 1217,56 mm
D00 = 1722,71 mm
D65 = 2448,28 mm

n=172
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Rock Factor Calibration

Optimization Accessment

Pattern Expansion

New Blast Design



Initial Blast Parameters A

3,0m
3,5m
1020 m
2,8 mm
1,2 m
10m

0,77 kg/m3



Rock Factor
Calibration

Optimization
Accessment

New Blast
Design

Pattern
Expansion




Kuznetsow:

Rock Factor
Calibration

' I r Factor (Kg/m?):
VAT =

80.00% Rock Type: | Granite (2.69)
L]

60,00%

RWS:

Density (g/t
Explosive: | Emulsion 1,18

RWS: 105 Density: 1,18 g/m?

Geometrical Parameters:

rden {m):
Spacing {m):
Diameter
Drill Accuracy Std. Dev. {m):
Stemming (m):

Subdriling {m):

Rock Factor adjustment — Prediction calibration

S Length {m):
X20 frm): 63 X80 fmm): 434 £ Calibration
¥50 (mm): 190 X90 (mm): 616 Uniformity Index n): 1,02 Fragmen

VI

";'\-'a_ming: This prediction model is based on Kuz-Ram fragmentation mode! {Cunningham, 2005). Actual results may be different.

100.00% -
Photo analysis vs. Prediction IIIIIIIIII 'iill e
Kg per hale:

80.00% :
Rock Type: | Granite (2.69)

Rock Factor: =

Fragmentation
Calibration —

Explosive: Emulsion 1,18
RWS: 105 Density: 1,18

Geometrical Parameters

--C' 3 10 100 1000

316 3162 10000
2 & 18 ] z 1778 623

Drill Accuracy Std. Dev. {m):

— Actual Photo_Analysis _ .
Stemming {m):

Subdriling (m):

Length {m):

105 X80 mm): 383 £ Calibration

X50 {mm). 2241 X590 (mm): 484 Unifomity Index (n):  1.53

is prediction mode! is based on Kuz-Ram fragmentation model (Cunninghai




Rock Factor
Calibration
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Total of Errors (mm)
N
o

91.0m
190,0 m
330,.0m
416,0m

109,90 mm
209,60 mm
347,70 mm
433,70 mm

97.0m
2040m
353.0m
446,0 m

114,00 mm
220,70 mm
364,50 mm
457,10 mm

102,0 m
213.0m
369,0m
466,0m

117,80 mm
225,80 mm
384,10 mm
480,70 mm

7,83

18,90 mm
19,60 mm
17,70 mm
17,70 mm

73,90 mm

17,00 mm
16,70 mm
11,50 mm
11,70 mm

56,30 mm

Rock Fragmentation Error

15,80 mm
12,80 mm
15,10 mm
14,70 mm

58,40 mm

106,0 m
2240m
390,0 m
493.0m

115,30 mm
235,90 mm
399,50 mm
506,10 mm
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Rock Factor
Calibration
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Rock Factor
Calibration
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Total of Errors (mm)
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:Geometry:

Diameter {mm): Number of Holes: 2 Initiation (per hole):

Decisions
Variables

Bench High (m): K Number of Rows: Explosive {per Kg):
Burden (m) i Volume (m?): Driling {per meter):

Spacing (m):

Subdriling {m): Explosive:

® Stemming {m): ; Rock Factor. Density (Ka/m?):
©00000000000000000000000000000000
RWS:

Fragmentatiol Constraint

Limit (%): Spacing by Burden
Oversize (mm): Stemming by Burden

' Subdriling by Burden
Information:

Optimization
Accessment

Uniformity Index 146

Restriction
Variables

Powder Factor (Kg/m?: 0680  giffness Ratio 366

Specific Driling (m/m?): 0.0917  Volume (m%: 16623,36

Oversize (mm) 632,23

o0 0000 00006000
A e

o
Cost (S): 57051,92¢€

e .-.--.—.-.-C-..O-.-.-C-.u.-.-‘-.--.--.-.-..

o Find optmized values ‘ Ok

Waming: This prediction model is based on GRG Nonlinear optimization model. Actual results may be different

Objective
Variable

N W

Q Find optmizedvalues | [0

I|\




New Blast
Design

O.pf.iﬁgi@t‘og...............................................

[ ]
*0
3
8
- }
['s]

0.L|mrt (%) 853 Spacing by Burden
]

(]

Diameter (mm): 102-5{  Number of Holes: 4| Initiation (per hole):

Bench High {m) 11,7035  Number of Rows: Explosive (per Kg):

Burden (m) 320-2) Volume {mY: Driling {per meter)

Spacing (m):

Subdriing (m): ofF] _=2edo . bwess =

3105 Rock Factor Density (Kg/m?):
00 0000O0OCGCOGEONOSNOSOOS

: - RWS:
Fragmentation: Constraints: 0000000600000

Oversize (mm): 7005 Stemming by Burden
. Subdriling by Burden
Informatio
Uniformity Index 146

Powder Factor (Kg/m?): 0680  giffness Ratio 366
Specific Drilling (m/m?): 0.0917  Volume (m%: 16623,36

Oversize (mm) 632,23

00006000
2

Cost (S): 57051,92¢€ :

-------------------------------------------------------------------------------------- - 0000000000606 06000060000
& Find optmized values ok |

Waming: This prediction model is based on GRG Nonlinear optimization model. Actual results may be (

Optimization

Diameter {mm): Number of Holes: Initiation (per hole):
Bench High (m): k Number of Rows: Explosive (per Kg):

Burden (m) I Volume (m?) Driling (per meter)

Spacing (m):

Subdrilling (m): 0 ] __ EXPIOSN. ...............................

Stemming (m): z Rock Factor: ! Density (Kg/m?):

Constraints:

Spacing by Burden
Oversize (mm): Stemming by Burden
Subdriling by Burden I 050 &
Uniformity Index k 169 2201 v
Powder Factor (Kg/m): Stiffness Ratio 338 3005 &
Specific Driling {m/m?: Volume (m?): 1664054 > 16623 v
Oversize (mm): 70000 < 700 v

“‘““""“““‘"““"““‘“'“‘““‘"“““‘““““““"““""““““"‘“"‘"‘“"“‘“““"“‘.‘"'."“".“."‘.‘".'.‘"".’".'.’"‘"' °

45270,37€ ¢

Information

o Find optmized values

Waming: This prediction model is based on GRG Nonlinear optimization model. Actual results may be di




Initial Parameters Rock Factor Cal. STG 3
102,0 mm

10,0 m

3.3m

Diameter 102,0 mm

Bench High 10,0 m

Burden 3.0m

Spacing 3.5m

Subdrilling 12m

Stemming 2,8 m

Initial Stage Stage 1

Diameter 102,0 mm 102 mm
Bench High 10,0m 10,0 m
Burden 30m 31m
Spacing 35m N\ | o 36m
Subdrilling
Stemming
(KR Adjusted) X20
(KR Adjusted) X50 221,0 mm 233,0 mm
(KR Adjusted) X80 383,0 mm | 409,0 mm
(KR Adjusted) X90 484,0.mm 519,0 mm

134,70 m
275,80 m
449,90 m
541,90 m

(Photo-Analysis) X20 & =iy
(Photo-Analysis) X50 K2Rl
(Photo-Analysis) X80 |siealohin
(Photo-Analysis) X90 SEUEAuy

40m
1,0m
3,3m

Stage 2
102 mm
10,0 m
31m
3.7m
I.Tm
3.0m

113,0 mm
245,0 mm
433,0 mm
552,0 mm

151,80 mm
303,40 mm
480,30 mm
604,40 mm

Stage 3

102 mm
10,0 m
32m
3.8m
I.Tm
3.1m

117,0 mm
257,0 mm
461,0 mm
591,0 mm

171,20 mm
327,10 mm
517,80 mm
653,80 mm

Stage 4
102 mm
10,0 m
33m
39m
1.0m
3.2m

121,0 mm
270,0 mm
488,0 mm
629,0 mm

223,90 mm
352,60 mm
543,10 mm
714,80 mm

Stage 5
102 mm
10,0 m
3.3m
4,0m
1.0m
3.3m

125,0 mm
283,0 mm
520,0 mm
689,0 mm

N/A
N/A
N/A
N/A




Initial Parameters Rock Factor Cal. STG 3
102,0 mm

10,0m

3.0m

Diameter
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Burden
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1,2 M e
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Initial Parameters Rock Factor Cal. STG 3

Diameter 102,0 mm 102,0 mm

Bench High 10,0 m 10,0 m

Burden 30m 3.3m

Spacing 3.5m 40m

Subdrilling 12m 1,0 m

Stemming 2,8 m 3.3m

Initial Stage Stage 1 Stage 2 Stage 3 Stage 4 Stage 5

Diameter 102,0 mm 102 mm 102 mm 102 mm
Bench High 10,0 m 10,0m 10,0 m 10,0 m
Burden 3.0m 31m 33m 33m
Spacing 3,5m 3.6m 39m 40m
Subdrilling 1.2m 1.2m 1,0m 1.0m
Stemming 2,8m 29m 32m 33m
(KR Adjusted) X20 105,0 mm 109,0 mm (1 13,0 mm 117,0 mm 121,0 mm 1250 mm
(KR Adjusted) X50 221,0 mm 233,0 mm 245,0 mm 257,0 mm 270,0 mm 283,0 mm
(KR Adjusted) X80 383,0 mm 409,0 mm ' 433,0 mm ' 461,0mm 488,0 mm 520,0 mm
(KR Adjusted) X90 484,0 mm 519.0 mm 552, mm 591,0 mm 629,0 mm 689,0 mm

(Photo-Analysis) X20
(Photo-Analysis) X50
(Photo-Analysis) X80
(Photo-Analysis) X90

124,50 mm
240,10 mm
398,10 mm
501,50 mm
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449,90 m
541,90 m
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604,40 mm
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653,80 mm

223,90 mm
352,60 mm
543,10 mm
714,80 mm

N/A
N/A
N/A
N/A
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(KR Adjusted) X90 484,0 mm 519,0 mm 552,0 mm 591,0mm 629,0 mm 689,0 mm

(Photo-Analysis) X20
(Photo-Analysis) X50
(Photo-Analysis) X80
(Photo-Analysis) X90

124,50 mm
240,10 mm
398,10 mm
501,50 mm

134,70 m
275,80 m
449,90 m
541,90 m

151,80 mm
303,40 mm
480,30 mm
604,40 mm

171,20 mm
327,10 mm
517,80 mm
653,80 mm

223,90 mm
352,60 mm
543,10 mm
714,80 mm

N/A
N/A
N/A
N/A




Initial Parameters Rock Factor Cal. STG 3
102,0 mm
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Initial Parameters Rock Factor Cal. STG 3
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10,0 m
3, 1m
3.6m
1.2m
29m
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519,0 mm

134,70 m
275,80 m
449,90 m
541,90 m

10,0 m
3.3m
40m
1.0m
3.3m

Stage 2 Stage 3

102 mm
10,0 m
32m
3.8 m
I.1Tm
3.1m

102 mm
10,0 m
31m
3.7m
I.Tm
3.0m

113,0 mm
245,0 mm
433,0 mm
552,0 mm

117,0 mm
257,0 mm
461,0 mm

591,0 mm

171,20 mm
327,10 mm
517,80 mm
653,80 mm

151,80 mm
303,40 mm
480,30 mm
604,40 mm

Stage 4

’QQ mm

J.Q.Om
1.0m

3.2m

121,0 mm
270,0 mm
488,0 mm
629,0 mm

223,90 mm
352,60 mm
543,10 mm
714,80 mm

Stage 5
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N/A




Some discussions




Cost

The use of technology

i Time Resources Data Qualit
AnaIVSIS Method . How much does this Q ) y ;
. . How much time does Wvsis solut How many people  How representative is Blast Type
SOfeTy a nd prOd UCﬁOh SE|ect|0n Matrix it take per study? ana y':;i‘; ution does it typically take? this analysis method?

Image Analysis Service Very Low Low Surface &
. . You take the image samples using a digital camera $1k 1-2p / Und d
Sam pleS gOTherl ng with drones then upload them to a web service for analysis s " rersonne neergroun

Opened a new horizon on the T Tere A aE

. . Medium .
frOg menTOhOﬂ ana |Y5|S You take the image samples using a digital camera 1-3 Hrs/Images Medium Surface &

or iPad/iPhone then analyze them using a specialized . 2-3 Personnel Underground
. ' 1-3 Hrs/Analysis
iOS app or Windows software

—— .
In-House UAV Image Analysis Low

. . . You take image samples using a UAV then analyze 1-2 Hrs/Images
MUCkplle InspeChon them with specialized iOS app or Windows software 1 Hr/Analysis

Medium Low
S2k - S10k 1-2 Personnel

Reduce risks ) )
Automatic Analysis System
. System automatically collects image samples in LHD Very Low Very Low Surface &
Gas presence, twisted ankles and or HD vehicles at the primary crusher, ore pass or 0 Hrs/Study 0 Personnel Underground

hand i ﬂj uries. draw point and analyzes them in realtime

Fragmentation Primordial blast quality feedbacks.

Measurement needs o be

Fast, accurate, and constant — WipFrag software proveq 1o be a very useiul tool
to calculate fragmentation



Mining cost optfimization
9 ¥ nr. of holes

Blast Continuous Improvement

All the consequent stage of mineral
rocessing

i

O-Pitblast’s blast optimization algorithm
10000 m3 110000 m3 210000 m3 310000 m3 410000 m3 510000 m3 610000 M3 710000 m3

Blasted volume
o Nr. of Holes (IS) 0 Nr. of Holes Stg 4

reduce 229.361,00 $ in 605.307,7
m3/791712.58 yd3 of rock

Drill & Blast Savings (IS vs. Stg 4)

250.000

200.000

The opftimization process, operation and 150.000

field practices 100.000

50.000

Mathematical optimization

10000 m3 100000 m3 1000000 m3

Blasted volume
—<— Dirilling Savings O Explosives Savings A Saving acesssories Overall Savings
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Francisco Leite — O-Pitblast
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