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Simulation has already become an industry standard in mining. It is used to support
decisions on various horizons
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Determining bottlenecks Selecting configuration of
and de-bottlenecking underground railroad
strategies
shift / day 10 days / month > 1 year
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Validation of quarterly and
annual mining plans

Maintaining WIP buffer at
all levels using daily
simulation

Amalgama



One of the biggest coal mines in South Africa, open cast strip mining




Coal mining scheme

Overburden

Z6s

Removing by trucks

and shovels m

0.8-3.5 Ex-Pit Conveyor
km stockpile 5.6 km

V — 4

ROM
stockpile

SRR 3:€b O O

®)

Overburden
Overburden . . Coal haulage Coal moving by
Overburden : removing by . Coal charging .
" chargingand Coal drilling . with trucks and conveyor to
drilling . trucks and andblasting )
blasting shovels shovels ROM stockpile

Further

processing

Amalgama




Business challenges

How many dozers are How many excavators How many trucks are Is a buffer needed in
required to fulfill the are required to fulfill required to fulfill the front of the conveyor?
plan? the plan? plan? If so, what size?
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Project schedule

Model correctly replicates the

MineTwin configuration structure of mining processes
used in the mine

Model correctly captures
volumes, speeds and mining
rates

The numerical results produced by
Experimentation the model allow to address the
business challenges

Further use of the simulation

model
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MineTwin simulation user interface (1/2)

82 MineTwin Openpit — O x
Menu  Views Tools Help
FAI IS P E P @ 10x @ G ScheduleStop & [@ 011839 B20.07.2021 07:52:13 RT: 53.5
Simulation Status = 8 |||| Animationl ﬂ Map 3D|@ Schedu|a| = O Ig Cumulative Flowl |g Bloclkwise Cumulative Flow| = B8
20.07.2021 07:52 QAL S D@ th F Cumulative Flow, coal tonnes equivalent
Shift 1 200M g
Simulated 49 of 92 days Dozer 3 7 §
o o g
Plan: 174K tpd, 6,35M tpa Availzbility: 99% dd 5
Current mass plan fulfilment Utilization: 71% ?—-- 1,00M e
' o=
Dozer 2 c et =Tx" o e =T
I - o0 o 500K /(":;3’
* Truck 2
/" 40,3K km of roads Availability: 96% 7 =
- - X . _— Move to loading /_-,___,/;—;,75 — P
: 240 Blocks, 4 active now Utilization: 73% Availability: 95% - g -l )
25 Dump areas, 2 with ore now - ap
P ' & 799 Ellisgtion: 42% 0106 00:00 0207 00:00 3007 00:00 30.0800:00
; Load: 0t Om*
&4 5 Drills, 1009 av., 29% ut. Truck 3 Ji
w 2 Chargers, 100% av., 3% ut. _
€4 5 Trucks, 95% av., 38% ut. Mllﬁll"‘t‘n" 96% b : ] i Wi Blocks W\P“E_.,l Verification | 11 Production Buffer Sizes Variation Lead Trme| = O
LHilization: 36% Drilling machin.., >
& 3 txcavators, 86% av., 29% ut. [ o WIP, blocks
&2 7 Dozers, 96% av., 71% UL ] Availability: 100% 250

Utilization: 41%

2106 0000

—
g 8

% Summary Statistics = 8

Coal ExPit, t 287649 EDaily\«"olume Stats ‘.Trucks StatslmDrillmg Machines .. |ﬁExcavators Stats|ay Chargers Stats|ﬁ Dozers|h-Crushers|n Storages“m Processing Plants|ﬂ BIocks|WDump areas| — O 100
Coal ExPit target, t 301355
Coal loaded to ROM, t 280218 BaB2E 500
Coal ROM target, t 283 964 = MName Callout Mine... Current state Availability, % Utilization, % Effective utiliza... Losttime % Current speed,...  Totalrun..  Awvghaul.. Avg haul... om
OVB removed by dozing, t 2277 683 Truck 1 Idle 94,03% 83,51% 73,36% . 142 0,00 1917 330 0 '
OVE removed by T&S, t 350 6R9 Truck 2 v Move to loading 91,18% 85,54% 79,95% ',53% 23,00 1037 1748 0 01.06 00:00 15.06 00:00 29,06 00:00 1307 00:00 27.07 00:00 10.08 00:00
OVB removed total, t 2628354 Truck 3 7 [ RS 76,05% 73,65% p.a0% 0,00 709 2447 0 . ,
Average lead time, days 24,65 Truck 4 [ [EEE 78,03% 77,25% 0,78% 0,00 au 2147 0 = : _ _ =
Overall availability, % o7.67% Tucks Move 1o Foodi 0 == o 5% 500 35 2233 0 %2 Con... |l Haul... | gli Haul... | gli Haul... [ o]i Daily...| sl Daily...| il Daily...| =
Trucks availability, % 95,26% Hourly feed to conveyor, t
Drills availability, % 100,00% . J—
Excavators availability, % 96,26% Truck Type Begin time End time Duration C. Distancetraveled, m -~ ’
Chargers availability, % 100,00% Truck 2 B 0072021 07:51:04 20072021 07:52:13 D0:00:01
Dozers availability, % 96,41% Truck 4 T 20.07.202107:50:25  20.07.2021 07:52:13 00:00:01 oo r” = ’_ | | [ _| |’ ’_
Overall utilization, % 31,80% Truck 2 Maove to loading 20.07.2021 07:50:15 20.07.2021 07:52:13 00:00:01 1. 734 it | | | |‘| LM ||| ‘ | | ‘ M |
Trucks utilization, % 38,10% Truck 5 Move to loading 20.07.2021 07:47:57 20.07.2021 07:52:13 00:00:04 1. 1638 w0 iml ‘ | l‘ | | | |
Drills Utilization, % 39,18% Truck 4 Move to loading 20.07.2021 07:46:59 20.07.2021 07:50:25 00:00:03 11312 || | | Il {1 I | ‘ | | ‘ | | |
Excavators utilization, % 28,57% Truck2 DRiBading M I 20.07.202107:4415 20072021 07:50:15  0B:0G:05 o L1 (L] L
Chargers utilization, % 3,00% Truck 3 Move to loading 20.07.2021 07:41:57 20.07.2021 07:51:04 00:00:09 1. 349
Dozers utilization, % 1,24% Truck 5 DRicading I 20.07.2021 07:41557  20.07.2021 0TAT:ST 00:00:05 £a07 om0 12070000 o7 on
Truck 4 DRicaging Y 20.07.2021 07:4050  20.07.2021 07:46:59 00:00:05 Feed = 0,00
Truck 2 Rl 20072021 073320 20.07.2021 07:44:15 00:00:04 5. 1312
in I - AT WA ATATAR A7 AAn1 AT anan Ay Y ¢ >
Model X -1262.0, ¥: -604.0 Trial license till 20.08.2121. Non-commercial use only Version: 1.0.17 Memory Usage: 367 of 8192 MB
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MineTwin simulation user interface (2/2)

82 MineTwin Openpit — O x
Menu  Views Tools Help
FAI IS K E P B @ 0125x G G ScheduleStop & | @ 0 11849 [ 20.07.2021 08:51:40 RT: 61.9
Simulation Status = 8 |||| Animationl ﬂ Map 3D|@ Schedu|a| = O Ig Cumulative Flowl |g Bloclkwise Cumulative Flow| = B8
20.07.2021 08:51 QLA S 5 Cumulative Flow, coal tonnes equivalent
Shift 1 “‘QQ@QF B o 200 q
Simulated 49 of 92 days 8
150M
Plan: 174K tpd, 6,35M tpa
Current mass plan fulfilment 1.00M
|
-1%
]
. 500K
<7 40,3K km of roads _ =
' 240 Blocks, 5 active now ﬁ&cavatcrz 000 .
]‘125 Dump areas, 9 with ore now _
01.06 00:00 02.07 00:00 30.07 00:00 30.08 00:00
& s Drills, 100% av., 30% ut SRR ey
w 5 Cl: K 10;‘;; 3:6. . Utilization: 24% Truck 3
argers, av., ut.
Mave to loading
‘. 5 Trucks, 95% av., 38% ut. Availabilfty: 96% L‘& Blocks WIP 'E_.,|¢ ‘u‘erifi(at\onl ||| Production Buffer Sizes Variation Lead Time, = O
& 3 Excavators, 96% av., 29% ut, Utilization: 36% Indicator Actual value Model value Differer
i; - . Load: 0t Om® . .
T Dozers, 96% av., 71% ut. o Overburden haulage cycle duration, min 9,00 11,30 +26%
_______————‘_____ Coal haulage cycle duration, min 24,00 13,18 -45%
&—-*“"_ Overburden drilling rate, dm/day 430 732 +70%
% Summary Statistics = O Coal drilling rate, dm/day 35 245 +599%
. . = Overburden dozing rate, m3/month 850 000 756 336 -11%
Coal ExPit. t 288639 EDailyVolu... |‘. Trucks Stats|m Drilling Ma... |ﬁ§ Excavators...[@ Truck 3 Lo.. 23 lw Chargers St...|&Dozers‘&- Crushers|nI Storages|lm Processing ..‘|.B|ocks|w Dumpareas| — O Average overburden haulage distance, m 150 1172 +815%
Coal ExPit target, t 302 073 X
Coal loaded to ROM, t 281229 HaulageFeature HaulageLoadingFeature HaulageUnloadingFeature IdlingFeature Average coal haulage distance, m 2400 1363 -33%
Average overburden block mining time, days 11,00 20,35 +85%
Coal ROM target, t 284 682 . R
OVE removed by dozing, t 2281191 ez 16022 T TTia76 ] T036% Average coal block mining time, days 8,00 17,08 +113%
MOME NOME MNONE MOME
OVE removed by T&S, t 350 669 046 015 236
OVB removed total, t 2631860 H H H H < >
Average lead time, days 2467 g2de 6,96% 2454 2 7110 6,00% 584
Overall availability, % 97,67% B TR B R LLERINE IEETE RIS 2 Con.. [l Haul... | gli Haul... | g1 Haul... [ l8 Daily...| sl Daiy...| i Daily..] = O
Trucks availability, % 95,27% L H L Hamage distance, m
Drrills availability, % 100,00% 1748 127% 0.00 0.00% 82036 69,24% 33 &7 2 57 100
Excavators availability, %  96,26% AT_PRE_LOADING_POSITION WAIT_UNLOADING IDLING % % % % %
0.00%
Chargers availability, % 100,00% L
Dozers availability, % 96,42% silureEuedO%0 3 0,00%
Overall utilization, % 31,80% SIUIERE] MOVING TO_LOADING POSITION o
Trucks utilization, % 38,13% L 0.00%
Drills Utilization, % 35,15% T
2464 2,08%
Excavators utilization, % 28,59% [ LOADING 0,00%
Chargers utilization, % 3,00%
Dozers utilization, % T1,47% L 000% I—
000 0,00% oo 100K 200K 3,00K 400K
[ LEAVING_LOADING_POSITION 1,00K 200K 3,00K 4,00K 500K
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Simulation results without Ex-Pit stockpile

2% MineTwin Openpit - O *
Menu  Views Tools Help

A= IRl o "R

EFy Scenario comparisonl = O

Add Remove Clear Set Replications Moveup Move down Editin Excel Editin editor  View in simulation mode Reload  Run

Index  Scenaric Replications Errors Coal loaded to ROM, t Target Coal loaded to ROM, t Actual vs. Target differe...

I Without ExPitStockpile 171 0/1 | eweo 1026087 13.19%
2 With ExPit Stockpile 171 0/1 1035106 1026 087 +0,88%

|&2 cumul... |E Sched... |i Blocks|" Trucks ... |ﬁ Excava... |m Drilling... |w Charge... |ﬂ Dozers|b' Crushers |n Storages“m Proces... “‘l Dump ... |@ Daily V... ||g Blockw...

Hourly feed to conveyor, t

| |\‘ \ *l |
\ || A '_ ‘

o | | | : ! I I B |" N || ||I, \I || _||| || |_,i |_|| l',_}l H { | \ |‘ | i h |||

13.07 00:00 20,07 00:00 27.07 00:00 03.08 00:00

1 Blocks ... |||| Produc... |'_|.| Lead Ti... [E Conve.., = B
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Simulation results with 10Kt Ex-Pit stockpile

2% MineTwin Openpit

- | s
Menu  Views Tools Help
EB QO K| A
E5 Scenario comparison = B

Add Remowve Clear S5etReplications Moveup Move down Editin Excel Edit in editor  View in simulation mode  Reload  Run

Index  Scenario Replications Errars Coal loaded to ROM, t Target Coal loaded to ROM, t Actual vs. Target differe...
I WithoutBxPitStockpile  1-1 0/1 | 89069 1026 087 13,19%
2 With ExPit Stockpile 171 0/1 1035106 1026087 +0,88%

@ Curnul... |E Sched... |i Blocks |t'Trucks |ﬁ Excava... |i1 Drilling... |w Charge... |& Dozers |B, Crushers|n Storages | |p# Proces... |J‘l Dump ... |@ Daily V... ||! Blockw...

Hourly feed to conveyor, t

" ’H ' ‘ | ‘ | | ‘ |
| | ' ' ‘ ' ‘
| ol ||
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{1 b
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i Blocks ... ||I| Preduc... |'3:-|..'| Lead Ti... | 2= Conve.. | = O
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Results of simulation experiment to determine required trucks and dozers count

28 MineTwin Openpit — O =
Menu  Views Tools Help

BRI O K| A

AL Sensitivity Analysis] = B
Set variation range Clear Run  Editin Excel Edit in editor View in simulation mode
Index  Scenario Replications Errors Trucks co... Drills cou... Chargers... Excavato.. Dozersc.. Coalloaded to RC\JJM,t Target Coal loaded to ROM, t Actual vs. Target difference, 5, ™
2 3/3 0/3 4 5 2 4 5 781 837 (V66 830 ... 794 411) 1026087 -23,80% (-25,27% ... -22,58%)
] 3/3 0/3 5 5 2 4 5 829105 (209 761 ... 844 792) 1026087 -19,20% (-21,08% ... -17,67%)
10 3/3 0/3 6 5 2 4 5 844 203 (831 803 ... 855 416) 1026087 -17,73% (-18,93% ... -16,63%)
14 3/3 0/3 7 5 2 4 5 854 637 (844 594 ... 872 616) 1026087 -16,71% (-17,69% ... -14,96%)
3 3/3 1/3 4 5 2 4 6 929 958 (916 210 ... 943 705) 1026087 -9,37% (-10,71% ... -8,03%)
il 3/3 0/3 ] 5 2 4 ] 964 662 (952 856 ... 982 238) 1026087 -3,98% (-7,14% ... -4,27%)
4 3/3 0/3 4 5 2 4 7 966 473 (954 994 .., 983 817) 1026087 -5,81% (-6,93% ... -4,12%)
7 3/3 0/3 5 5 2 4 6 979 598 (968 402 ... 997 224) 1026087 -4,53% (-5,62% ... -2,81%)
13 3/3 0/3 7 5 2 4 6 1008 377 (990 803 ... 1 019 980) 1026087 -1,73% (-3,44% ... -0,60%)
8 3/3 0/3 5 5 2 4 7 1009 054 (1002 769 ... 1 016 677} 1026 087 -1,66% (-2,27% ... -0,92%)
16 3/3 0/3 7 5 2 4 7 1031660 (1023 356...1 038 377) 1026 087 +0,534% (-0,27% ... +1,20%)
12 3/3 0/3 6 5 2 4 7 1032 384 (1030 836 ... 1 034 327) 1026 087 +0,61% (+0,47% ... +0,80%) v
£ >
|g Cumul... |@ Sched... |i Blocks [h Trucks ... l ﬁ Excava... |i1 Drilling... |w Charge... |.H,l Dozers| bg Crushers| n Storages| l¢#q Proces... |w Dump ... |@ Daily V... ||g Blockw... | i Blocks ... | Wi Produc.. | -.|.| Lead Ti... _- = 0
2 hEE
[z Mame Mine area Current state Availability, % Utilization, % Effective utiliza... Losttime % Current speed,... Total run.. Avg haul.. Avg haul.
Truck 1 Idle 98,43% 89,61% 87,82% |‘I,'.-"3% 0,00 3408 433 0
Truck 2 Idle 95,57% 92,11% 90,22% |‘I,89% 0,00 2938 17N 0
Truck 3 Idle 97,38% 89,89% 89,56% 0,33% 0,00 2396 2336 0
Truck 4 Idle 95,40% 87.27% 86,63% 0,64% 0,00 2357 2304 0
[ Trucks Idle 95,03% 82.85% 20,08% [1.86% 0,00 3475 1954 0
Truck 1
Truck 2
Truck 3
Truck 4
Truck 5
03082021 10.082021 17.082021
¢ »
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Plan fulfillment rates at 95% equipment availability

Trucks count

Dozers count

6 7
-9,37% -5,81%
-19,20% -4,53% -1,66%
-17,73% -5,99%
-16,71% -1,73%
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Results of simulation experiment to determine required excavators count

$5 MineTwin Openpit - O et
Menu  Views Tools Help

Sl A

JA Sensitivity Analysis | = B8
Setvariation range Clear Run  Editin Excel Editin editor View in simulation mode

Index  Scenaric Replications Errors Trucks co... Drills cou.. Chargers... Excavato.. Dozersc.. Coalloadedto RSM, t Target Coal loaded to ROM, t Actual vs. Target difference, 5, t

1 3/3 0/3 8 3 2 0 7 0 1026087 -100,00%

2 3/3 0/3 8 5 2 1 7 949 009 (928 779 ... 966 300) 1026 087 -7,51% (-9,48% ... -5,83%)

3 /3 0/3 8 3 2 2 7 1007 091 (993 699 ... 1 016 665) 1026 087 -1,85% (-2,67% ... -0,92%)

4 3/3 03 8 3 2 3 7 1030514 (1021 513 ... 1035 716) 1026087 +0,43% (-0,45% ... +0,94%)

5 3/3 0/3 8 5 2 4 7 1035878 (1033 886 ... 1 038 155) 1026 087 +0,95% (+0,76% ... +1,18%)

lﬁ Cumula... ‘E Schedule ‘. Blocks “i Trucks ... ‘ﬁ‘ Excavat... ‘m Drilling ... ‘w Charger... ‘h Dozers |D, Crushers |l Storages ‘lm Process... |u Dump a... |@ Daily Vo... ||g Blockwi... Pﬁ Blocks ... } i Pmdud...‘ G:i Lead Ti... ‘E Convey... = B8
WIP, blocks

g8i

12.07 00:00 2007 00:00 27.07 00:00 02.08 00:00 10.08 00:00 17.08 00:00 2408 00:00

M OVE Drilling = 7,00 & OVE Charging = 2,00 @ OVE Blasting = 3,00 W OVB Dozing = 4,00 OVE T&Sing = 1,00 M Coal Drilling = 3,00 M Coal Charging = 0,00 B Coal Blasting = 0,00 ¥ Coal T&Sing = 3,00

|< ] >
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Plan fulfillment rates at 95% equipment availability

Dozers count
6 7
-9,37% -5,81%
-19,20% -4,53% -1,66% [
° ° ° i 7 dozers

Trucks count

ﬁ 6 trucks

-17,73% -5,99%
&4 3 excavators

-16,71% -1,73% e
" CHECKED
7
Excavators count

0 1 2 3 4
-7,51% -1,85%
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Summary

e Simulation has already become an industry standard in mining. It is used to support decisions on
various horizons

* Todays modern simulation tools, such as MineTwin, allow to speed-up creation of simulation models

e Unlike traditional tools like Excel models or linear programming, simulation models can capture
complex constraints and cyclical dependencies that are present in the majority of mines

* Simulation models allows mine planners and managers to address the following business challenges:

— Determine production capacity of a mine
— Test mine plan feasibility

— Evaluate operational improvements

— Select best equipment fleet configuration
— Quantify return on investment

Amalgama



	Slide 1
	Slide 2: Simulation has already become an industry standard in mining. It is used to support decisions on various horizons
	Slide 3: One of the biggest coal mines in South Africa, open cast strip mining
	Slide 4: Coal mining scheme
	Slide 5: Business challenges
	Slide 6: Project schedule
	Slide 7: MineTwin simulation user interface (1/2)
	Slide 8: MineTwin simulation user interface (2/2)
	Slide 9: Simulation results without Ex-Pit stockpile
	Slide 10: Simulation results with 10Kt Ex-Pit stockpile
	Slide 11: Results of simulation experiment to determine required trucks and dozers count
	Slide 12: Plan fulfillment rates at 95% equipment availability
	Slide 13: Results of simulation experiment to determine required excavators count
	Slide 14: Plan fulfillment rates at 95% equipment availability
	Slide 15: Summary

