WO 2020/163302

104

106

102

115

108

PCT/US2020/016544

FIG. 1



WO 2020/163302

102

2115

PCT/US2020/016544

485

FIG. 2



WO 2020/163302 PCT/US2020/016544
315
106
Blast Design System
330 Memory 340
1 310
Modules Data
332 342
= Pattern Footage User Defined Blast [-
Calculator Parameters
334~ 344
™~ Burden and Spacing /
Calculator Blast Limitations
336~ 346
Borehole Designer Site Specific Data
Y | - 348
Blast Validator Blast Design
jS
Network
Processor(s) Interface /O Interface
312 314 318

FIG. 3



PCT/US2020/016544

4/15

WO 2020/163302

7 Ol

(paisnipe) [eusie|y Jo Jybiap) e

(pajsnipe) anisojdx3 jo Jybiop, e
(pajsnipe) [elBle| JO BWN|OA @
Yibus |juq e o
S|ie}aq wioned e o
S9|0H JO JaqUINN e 7}
10)9B JapMO e O
uoRelqiA pajoIpsId e 3.
S|Ie1dq 9|0yaiog e =
Buioeds @ usping e
i ﬂam_‘ﬁmm_m»m_lf e
souesig- o omew | m g
Juawalinbay uoneiqIA - e Y | >
ydesBowsieg e | | ar~ | uonesqip
jonpoide | | Cowey ﬁlllw “““
uonenuany - W 0ty | | ssaulns usping | ' SIEJeq sjoyaiog vZh
yBUBNg HO0Y - | i VY A A
od yooy - | | ) L ] %
Aysueg ooy - | | - ooy ABieu | | Buioedg pue ueping < OV
eleq ABojosy e | T Bt ' e S
ssjowelq uge | [ P : T
N 1 ueweunbey ol
| " suojejw] | - UOREIGIA 10} SSE YE\ | | abejoo4 usshed |
m Kisiles 0} papaeN N o,
eequoneoo] ) | S9|0H 4O JaquinN | e ,
| ﬁ cey piy m
e NG 0y
gy S9IOU JO JoqunN ¢ o
[ELISJEJ\ JO SWN|OA o = SO|OH JOM @ o &
[eLIey JO JUBIoAA @ g odk] uloped e 2 mu
ooy —7 anIso|dX3 4O JUBIBMA ® S -~ W1 8984 @ S |z




WO 2020/163302

515

=D

!

PCT/US2020/016544

/ 500

Receive blast data from user
502

'

data
504

Generate a dataset of a plurality of permutations from received blast

'

506

Execute simulations for the permutations of the dataset

l

Store results of the simulations
507

'

Score and compare results
508

'

Present results to user
510

!
=

FIG. 5




WO 2020/163302 PCT/US2020/016544

6/15

( Start > / 600

!

|dentify possible permutations of the following data: hole diameter,
selected product, number of decks to solve the blast design for
602

'

Generate a record for each permutation
604

'

Combine the records for each permutation to generate the dataset
606

Y
=

FIG. 6



WO 2020/163302

7115

=D
!

PCT/US2020/016544

Generate blast level details
702

'

Generate hole level details for a given burden and spacing
704

'

Perform validation checks
106

l

Calculate characteristics of the valid blast
708

Y
=)

FIG. 7



WO 2020/163302 PCT/US2020/016544
8115
800 /_\
Calculate new PattF:
( Start > prioritized_distance *
non_prioritized_distance
814
Calculate mass pounds per delay for
each seismograph from diameter,
product, number of decks
802 Pattf * 0.9 <
new_PattF <
PattF * 1.1?
816
Identify key_seismograph from lowest/
strictest mass_pounds_per_delay
804
Yes
I
Calculate initial Pattern Footage (PattF)
rioritized distance
fits perfectly blast
Calculate initial burden and spacing from length or width?
initial Pattern Footage (PattF) 818
807
No
Yes
y
No

and spacing NOT
greater than blast
length and width?
808

YES

End

Calculate min burdens and spacings
810

Round initial burden
812

Append new burden, new spacing
to final_results list

820
Try to find
prioritized_distance | L
that fits
822 —From

Sort approximate_results ordered
from best to worst fitting
824

FIG. 8A

To
FIG. 8B



WO 2020/163302 PCT/US2020/016544
9/15
800
From
/_\ FIG. 8A
N Y
Iterate through approximate_results, Calculate new_PattF:

select prioritized distance from current prioritized_distance *
result potential_non_prioritized_distance
826 838

N

prioritized distance
N from current result

Select next

828

Take and examine potential burden and
approximate spacings according to sizing
rules
830

min_PattF <
new_PattF
< max_PattF?
840

Yes

Y

Calculate max_non_prioritized_distance,
min_non_prioritized_distance from
initial_PattF and
potential_prioritized_distance
832

step = 0.1
834

potential_non-prioritized_distance
< max_non_prioritized_distance?

FIG. 8B

Append result to final list of results
842

potential_non_prioritized_distance =
potential_non_prioritized_distance + step
844

Have all
prioritized_distances
been tried?
846

Yes
y

Sort final result list for best fit
848




WO 2020/163302

900
FIG.

PCT/US2020/016544

10/15

From

Try to find prioritized distance that fits
902

'

rounded_burden = min_burden
904

'

step = 0.1
906

'

rounded_burden = rounded_burden + step <#
908

min_burden
< rounded_burden

max_burden?
910

Yes
y

Remainder = blast_prioritized_size % rounded_burden
result = [remainder, rounded_burden]
912

Append result to approximate_result list
914

To
» FIG.

8A

FIG. 9



WO 2020/163302

1115

1000
From
FIG. 8B

No

PCT/US2020/016544

Iterate through potential burdens and spacings;
examine prioritized_distance,
non_prioritized_distance, PattF, remainder
1002

End of

potential burden

and spacing list
reached?

1004

No
y

Select next item from potential burden and spacing
list
1006

Check burden and spacing not too large for
blasting area; calculate powder column length,
subdrill, top stemming, interstemming
1008

Build decks; calculate mass of explosive
1010

FIG. 10



WO 2020/163302 PCT/US2020/016544

12/15

1100 \

For each deck in decks for current solution
1102

Is mass of explosive for deck <
ey_seismograph.mass_pounds_per_dela
AND
min_energy_per_mass_check_per_deck
< deck_energy <
max_energy_per_mass_check_per_deck?

1104

Is

min_energy_per_volume
< deck_energy <

ax_energy_per_volume?

No
No

To
FIG. 10

Yes
Y

Add result to potential solutions list
1108

l

return worst of entire hole
1110

Calculate burden-to-stiffness ratio from all decks;

burden_stiffness_rating

Yes

FIG. 11




WO 2020/163302

1200 \

13/15

Calculate key vibration
1202

i

Calculate number of holes
1204

i

Calculate total weight of explosive
1206

Calculate volume of blasted rock
1208

'

Calculate powder factor
1210

'

Calculate total drill length
1212

:

Calculate volume of stemming
1214

!

Return result
1216

GEED

FIG. 12

PCT/US2020/016544



WO 2020/163302 PCT/US2020/016544

14/15

1300

\

\

Score 100

1306

Worst score

Score 0 —— :
0% Curve fitted by vibration 80% 100%

1302 1304

FIG. 13



PCT/US2020/016544

WO 2020/163302

15/15

oLvl
o3YD oliey ulejed

80v1L
o8y abeioo4 uianed

7l Ol

olvl

yivi

A

Buioedg uo
paseg uaping aie|nojed

uaping
uo Buroedg ale|nojen

——Burden—p»

clvl

-g-Buineds Buroeds Jo

uapling indu|
A

0¥l vovl
abej004 Buioedg
uiejed pue uaping
ndino indu

ON

covl
abejo04

ulaned payoo

Buioedg
Jusping abueyn

v/ 0ovL



