WO 2019/148173

11

PCT/US2019/015604

&
e
&
N

102

T N
\.m\\\ |
)

A

112

114

FIG. 1



WO 2019/148173 PCT/US2019/015604

217

250 \

Receive a geologic profile
252

'

Determine any inflection points within the geologic profile
254

'

Segment the geologic profile into groups separated by the inflection points
256

Classify each group into a hardness category based on hardness values

within each group
258

:

Determine a target emulsion density for each group
260

'

Control a flow rate of the density reducing agent of the mixer
264

FIG. 2A



WO 2019/148173 PCT/US2019/015604

31117

200 \

Receive a geolgic profile and dimensions of the blasthole
202

'

Determine any inflection points within the hardness profile
204

'

Segment the blasthole into groups separated by the inflection points
206

Classify each group into a hardness category based on hardness values

within each group
208

:

Determine a target emulsion density for each group
210

'

Monitor a level of the emulsion explosive in the blasthole
YAYA

'

Control a flow rate of the density reducing agent of the mixer
214

FIG. 2B



WO 2019/148173

300
\v

4117

PCT/US2019/015604

Calculate a cumulative difference between actual hardness values and a

mean of the hardness values
302

Y

Determine a peak value of the cumulative difference

304

Compare the peak value of the cumulative difference to noise

306

v

Determine a confidence level
308

Identify inflection
point
312

'

Repeat steps on sub-
sets of hardness
values

Yes

Confidence level below threshold

End

FIG. 3



WO 2019/148173

800

=
M~
2
©O
<t
K 8
| ]
D %o
O 52
E =
= 8
@D
2 &
S
o

400 \

10

15

5117

20

yideg

25

30

35

PCT/US2019/015604

40
45

FIG. 4



WO 2019/148173

6/17

[1790.82, 1673.82]
[1707.82, 1790.82)
[1624.82, 1707.82]
[1541.82, 1624.82]
[1458.82, 1541.82]
[1375.82, 1458.82]
[1292.82, 1375.82]
[1200.82, 1202.82]
[1126:82, 1209.82]
[1043.82, 1126.82]
[960.82, 1043.82]
[877.82, 960.82]
[794.82, 877.82]
[711.82, 794.82)
628,82, 711.82]
[545.82, 626.82]
[462.82, 545.82]
[379.82, 462.82]

1500
1000

-1000

-1500
-2000
-2500
-3000

13 3/7 9 11131517 1921 2325 272931 3335 37 39

504

500

PCT/US2019/015604

FIG. 5B

FIG. 5A



WO 2019/148173 PCT/US2019/015604

mni

(e ]
(o]
[ee]
<O
o
~
3
= [2=3
D
&
L_mo
gg% ©
£ £ y
2 Es ©
Itl'
)
o
£ 8 \

200
/

100

< o WO ON FWOWOON < @Woo DN
el Ry N I R R e R I R R R

400
\
0

Segment

600



WO 2019/148173 PCT/US2019/015604

817

[692.50, 726.50]
[658.50, 692.50]
[ | 162450, 658.50]
[590.50, 624.50]
[556.50, 590.50]

] [522.50, 556.50]
| [48850, 522.50]

| [45450, 488.50]

| [42050, 454.50]
386,50, 420.50]

FIG.7B

[

[352.50, 386.50]
| [318.50, 352.50]

[

[

284,50, 318.50]
25050, 284.50]
216,50, 250.50]
[18250, 216.50)

[ |

160
140
120
100
80
60
40
20

FIG. 7A

704

702

1234 5\6 7 8 9101112131415161718192021

-200
-400

600
-800



WO 2019/148173 PCT/US2019/015604

a7

(e ]
(o]
[ee]
<O
o
~
3
= [2=3
=
=)
Soom [an]
e 23
_gg [e 0]
:Eo CJ
2 82 -~
= - TS
QL
[=]
£ g \

200
/

100

< o O WO N © O N < W@ o O N
el Ry s N I S e R e R R

400
\
0

Segment

fond
<
(o]

600



WO 2019/148173 PCT/US2019/015604

10117

| 124922, 263.22)
[235.22, 249.22]

| [221.22, 235.22)
207.22, 221.22]
19322, 207.22]
17922, 193.22]
166.22, 179.22]
]

]

|

]

[

[
]
[

T | 15122, 165.22

i
[

[

FIG. 9B

137.22,151.22
123.22,137.22
100.22,123.22

750 \'

180
160
140
120
100
80
60
40
20
0

900

FIG. 9A

902

Q
h
(3]
<«
~
[{e]
0
N
<+
[ap]
o~
~

-50
100
-150
-200



PCT/US2019/015604

WO 2019/148173

117

0l ol

<D
o~
Segment

O N < ©

008

00/ 009 005 0Oy OOE 002
ssaupiey

68 sequinN 9j0H

0oL

»W/.oov

000}



PCT/US2019/015604

WO 2019/148173

12117

%086y
%1569
%0€'¢8
%0. €6

%0¥'86
%0566
%00°001

doUdPLUO) JUIod

vl
LE
9¢
12
0€
G

6l

0

0

3

0

0

L

009 00§ 00F 0O¢
SSaupieH

68 J9quInN 3jOH



WO 2019/148173 PCT/US2019/015604

13117
Standard Deviation [1] Graph Average Hole
101'754 Std Deviation for Hole
Mean

[ 4s545] [ 100C4] [ std Deviation for Shot

Hardness Profile

—— 1220

1222

Stemming
| 1
- Group 1 1210

Group 2 |

1212

Ft

1214

1216

1218

100 200 300 400 500 600 700 800 900 1,000

1202
FIG. 12



WO 2019/148173

1417

PCT/US2019/015604

Explosive Delivery System

1300

1320\

Processor
1330

Computer-Readable Storage Medium

1370

Memory
1340

Geologic Data
1380

Blasthole Profiler
1386

Network Interface
1350

Emulsion Density
Lookup Table
1382

1388

Controller

1360

FIG. 13

Confidence Indexer




PCT/US2019/015604

WO 2019/148173

15117

(oJoXojcXolciloNoXoXo)
loJojoliiofolicNoNoRoyo=
siofo¥ojoYoRolloNoNolO)
(OJONONONOHOHORONO)O)
(OXOROXOXOHONONONONO)
s 0YoNOXONOHHOROROROXO;
000000 O OO
0OOOOEEEOEEOOE
g o



WO 2019/148173 PCT/US2019/015604

16/17

1500\

Receive a blast pattern and a geologic profile
1502

'

Determine any inflection points within the geologic profile across the blast
pattern
1504

'

Segment the blastholes in the blast pattern into groups separated by the
inflection points
1506

'

Classify each group into a geologic category based on geologic values
within each group
1508

:

Determine a target emulsion density for each group
1510

'

Control a flow rate of the density reducing agent to the mixer
1514

FIG. 15



WO 2019/148173

17

PCT/US2019/015604

Explosive Delivery System

1600

1620 a\

Processor
1630

Computer-Readable Storage Medium

1670

Memory
1640

Geologic Data
1680

Blast Plan Profiler
1686

Network Interface
1650

Emulsion Density
Lookup Table
1682

Confidence Indexer
1688

Controller

FIG. 16




