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simple e intuitiva al servicio de la
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Métodos de
Optimizacion

Configuracion Simple: Maximizar NPV

N
M NPV—Z b
ST AR d
n=

Where:

d = discount rate

P = profit ($) = (Pprocessi = ¢ Pproc9553 § T \ Pprocessn) =fF

And m = mining cost ($/ton)
B rocessi — AS =T G5O =Mk =0l ¢ = processing cost ($/ton)
s = price (S$/unit of product) f = fixed cost ($/year)
r = selling cost {$/ unit of product) T = length of period considered
Jn = average grade of material presented at process n Q. =quantity of ore presented at process n

Yn = recovery at processn Qm,, = quantity of material presented at process n
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Métodos de
Optimizacion

Algoritmos Evolutivos Genéticos

La computacion evolutiva es una de las ramas de la Inteligencia Artificial que se aplica
para la resolucion de problemas de optimizacion combinatoria. Esta inspirada en los
mecanismos de evolucion bioldgica propuestos por Darwin, Medel y Lamark.

La inteligencia artificial es una rama que trata de "imitar" a la inteligencia natural y por
tanto la computacion evolutiva se basa en imitar la evolucion biolédgica tal y como la
entendemos. La Computacion Evolutiva trata de resolver problemas de optimizacion
combinatoria, con el fin de encontrar el mejor resultado al problema, tal como pasa en
la naturaleza solo los mas fuertes y mejor adaptados al entorno son capaces de
sobrevivir y reproducirse; en otras palabras, son los mejores individuos posibles o la
mejor solucion al problema.
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Algoritmos Evolutivos Genéticos
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H Online Automatically |

Project Manager ~ & Litho | Multi-Process-Stocks 142 €2 2
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B Setups
B Schedules

Drag & Drop
Mina
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Flotation

1. ProcessFlow  2.MIK Tonnage & Grade  3.Llithology 4. Grade Bins 5. Economic Model
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X

Properties

Validation successful. This Setup is ready to be scheduled.
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Modelo Econdmico
Precios

Project Manager ~ R Litho Preparation | Multi-Process Stocks 142 €2 2=

[#] Calendar View £} Config View Variable Costs

4 I Block Models
B Tensforms
B Wodels

‘ Period 1

+ Calendar

Dynamic Capital

Period 2 Period 3 Period 4 Period 5

¥ Utilities
¥ Equipment

4 B Strategy - Edi

Costos

Capacidades

$44,000,000.00
170,000,000

» S Admin/Fixed Cost

B Schedules
® Origin
® Analysis

Mining Capacity (tonnes)
Capital Injection $0.00
Total Crusher

Total Processin city (tonnes)

Total Refining

city (units)

$4400000000  $4400000000  $44000,00000  $44,000,000.00
173,250,000 173,250,000 173,250,000 173,250,000
$0.00 $0.00 $0.00 $0.00

$44,000,000.00
173,350,000

$44,000,000.00
173,350,000

$44,000,000.00
173,350,000

$44,000,000.00
173,350,000

jon Cost ($ per tonne)

Variable Cost Escalation

Mining Cost Escalation

Crusher

Capacity ftones) 15,000,000

30,000,000

Flotation

13,000,000
000%

Tasa de descuento
Definicion de Stocks

999,999,099
$5.8000
$20.9000
0.0000

28,000,000
Costos
999,999 999 y
$5.8000
$20.8000
0.0000

2000,000
Dynamic Capital 0%
1,999

Calendar View

£3 Config View Variable Costs

The fraction by which cash flows for a period are
multiplied to calculate the Net Present Value (NPV)

Allowing stockpiles will cause the schedule to auto-
create stackpiles for each process defined in your
process flow. You will also need to define stockpile

Discount Rate (%) rehandle and recovery values within the calendar.

[] Allow Stockpiles

[ Turn-off cut-off grade optimisation.

Name Capacity [tonnes) Fixed Cut-off

Global Minimum Cut-off

Flotation 999,999,999 0.0000

Heap Leaching 999,999,999 0.0000

Calendar View

Optional. Select an item in the model to use as the cost.
You will also need to define the cost escalation factor
within the calendar.

Mining Cost

Rehabilitation Cost

L

Heap Leaching

Alternativas de

Recuperaciones
(variables del modelo)

45,000,000

45,000,000

43,000,000
0.00%
999,999,999
$5.8000
$20.9000
0.0000

Processing Cost

Processing Cost Default

Pivot | DXFs || Colours || Filters.

Inyeccion dinamica

Stage 1
Stage 2
Stage 3
Stage 4

Stage 5

de Capital

$0.00
$0.00
$0.00
$0.00
$10,000,000.00

Recovery

Recovery Default (%)

Stage 6
Stage 7
Stage B
Stage 9
Stage 10
Stage 11

$0.00
$0.00
$0.00
$0.00
$0.00
$0.00
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Caso de Estudio

* Para demostrar la calidad de los resultados se realizaron
comparaciones con los casos de estudio de la siguiente
publicacion, donde se utilizo el software comercial OptiPit®
que trabaja con técnicas de programacion lineal entera mixta

(MILP):

— “Value Creation Through Strategic Mine Planning and Cutoff Grade
Optimization”

— Dagdelen, K. Kawahata, K.

— Publication Date: Jan 1, 2007



* 1 Proceso

MAPTEK

Proceso 1

Autoclave

Price 600 $/0z

Sales Cost 5 $/oz

Mining Cost 1.2 $/ton
Recovery 20 %

Processing Cost 19 $/ton
Fixed Cost 8.35 M

Mining Capacity Unlimited

Processing Capacity 1.05 M
Discount Rate 15 %

Rodrigo Valenzuela V.

www.maptek.cl

Interval From To MidPoint Ktons
(oz/ton) (oz/ton) (oz/ton) (oz/ton)
1 0 70 0.01 70000
2 0.02 7.257 0.023 7257
3 0.025 6.319 0.028 6319
4 0.03 5.591 0.033 5591
5 0.035 4.598 0.038 4598
6 0.04 4.277 0.043 4277
7 0.045 3.465 0.048 3465
8 0.05 2.428 0.053 2428
9 0.055 2.307 0.058 2307
10 0.06 1.747 0.063 1747
11 0.065 1.64 0.068 1640
12 0.07 1.485 0.073 1485
13 0.075 1.227 0.078 1227
14 0.08 1.799 0.085 1799
15 0.09 1.799 0.095 1799
16 0.1 0.371 0.105 37
17 0.11 0.371 0.115 371
18 0.12 0.371 0.125 k1al
19 0.13 0.371 0.135 371
20 0.14 0.371 0.145 371
21 0.15 0.371 0.155 371
22 0.16 0.371 0.165 371
23 0.17 0.371 0.175 371
24 0.18 0.371 0.185 371
25 0.19 0.371 0.195 371
26 0.2 5.864 0.279 5864
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Year Mining COG Avg Grade Processing Refining Profits

. Mtons) (oz/ton) (oz/ton) (Mtons) (koz) ($M)
[} Optl P|t® 1 [18.40) 0.160 0.261 1.05 246.60 96.5
2 16.90 0.150 0.253 1.05 239.10 93.9

3 16.10 0.140 0.248 1.05 234.40 92.0

4 14.70 0.120 0.238 1.05 224.90 87.9

5 14.10 0.110 0.233 1.05 220.20 85.8

6 13.60 0.100 0.228 1.05 215.50 83.6

7 11.00 0.094 0.202 1.05 190.90 721

8 8.20 0.070 0.171 1.05 161.60 58.0

9 6.80 0.060 0.152 1.05 143.60 49.3

10 5.50 0.050 0.133 1.05 125.70 39.7

Total 125.80 10.50 2002.50 758.8

. M
* Evolution Strategy

Year Mining COG Avg Grade Processing Refining Profits

(Mtons) (oz/ton) (oz/ton) (Mtons) (koz) ($M)

1 17.55 0.156 0.257 1.05 242.7 95.0

2 16.66 0.145 0.251 1.05 237.6 93.1

3 16.03 0.137 0.247 1.05 233.7 91.5

4 15.11 0.123 0.240 1.05 2272 88.8

5 14.37 0.111 0.234 1.05 221.6 86.3

6 14.06 0.105 0.232 1.05 219.0 85.1

7 10.83 0.086 0.200 1.05 189.0 71.2

8 8.55 0.072 0.174 1.05 164.7 59.4

9 6.87 0.061 0.153 1.05 144.6 49.5

10 5.49 0.050 0.134 1.05 126.2 40.2

Total 125.80 10.50 2006.22 760.1

(NPV @ 15%)
413.8
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Caso 2
e Multi procesos o

Proceso 1
10M tons/year

Proceso 3
2M tons/year

Processing Cost 5M tons/year v
Processes Recovery -
($/ton) \
ROM LCH 0.90 0.075
CRUSHER LCH 3.00 0.25 Auto
FLOT TO AUTO 10.25 0.66 ~ Proceso 4
DIRECT AUTO 19.00 0.90 . 1.05Mtons/year
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OptiPit®

Evolution Strategy

|
Year | Mirjng RQM Lch Flot t§ Autoclave Direct Rutoclave Refining Profits
(Mtdns) | COG vg |[Procef§s- | COG COG Avg | Proceps- | COG Ag | Process-| ($M)
(oz/ gflade ing (oz/ (oz/ drade ing (oz/ grhde ing
ton) | (od/ton) | (Mtorfs) ton) ton) | (of/ton) | (Mtorfs) ton) | (ozjton) | (Mtons)
1 33P1 0.02 0J036 10 0.062 2. 0.099 209 2.04 0.20 0.879 0.65 511.9 215
2 255 0.02 0J033 6.1 0.049 2. 0.08 162 2.0| 0.20 0.379 0.65 428.7 179.4
3 193 0.02 0§029 3.54 0.039 2. 0.066 125 2.04 0.20 0379 0.65 365.3 1511
4 4.96 0.02 0§025 1.69 0.03 2. 0.057 094 1.7 0.20 0.379 0.7 313.5 128.2
5 1346 0.02 0j023 0.9 0.026 2. 0.05 084 1.9 0.19 0.374 0.67 294.7 118.8
6 10b7 0.02 2. 0.04 066 2.0 0.15 0.354 0.65 250.4 97.4
7 FX 5 0.02 1. 0.035 054 1.6¢4 0.09 ofos 0.73 202 76.5
Total 123.5 22. 15 13. 4.7 2366.5 966.4
NPV @ 15%
$625.2
—
Year | Mirfng RQM Leh Flot t§ Autoclave Direct putoclave Refining Profits
(Mtgns) | COG vg | Proce§s- | COG COG fAvg | Proceps- | COG Ag | Process- | (koz) ($M)
(0z/ glade ing (oz/ (oz/ drade ing (oz/ gride ing
ton) | (of/ton) | (Mtorfs) | ton) ton) | (gk/ton) | (Mtols) | ton) | (ozfton) | (Mtons)
1 298 0.02 0j035 8.14 0.057 0.091 188 2.0 0.199 | 0.p79 0.65 473.90 199.0
2 2d5 0.02 0j034 6.6! 0.051 | 0. 0.084 170 1.9 0.199 | 0.p79 0.66 441,62 185.2
3 2[11 0.02 0§030 3.8q 0.041 0. 0.069 @131 1.9p 0.200 0.p79 0.66 37477 155.7
4 140 0.02 0j024 1.1§ 0.028 0. 0.052 (lDﬂB 19 0.197 0.p77 0.66 302.96 122.6
5 119 0.02 0§024 1.13 0.028 0. 0.051 (I.[)a? 1.9 0.198 0.p78 0.66 301.24 121.8
6 11|5 0.02 0021 0.0% 0.021 0. 0.045 (|.072 1.8% 0.158 0.p58 0.68 265.74 105.0
7 E 3 0.02 0j020 0.0 0.020 | 0. 0.040 | dos3 1.7 0.117 | 0.p38 0.70 231.57 91.8
Total | 124.5 21.0p 13.48 4.65 2391.8 981.1
NPV @ 15%
$625.9
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Experiencia
» Los resultados de Maptek Evolution estan garantizando productos de alto valor
utilizando este tipo de técnicas.

« Maptek Evolution brinda estas técnicas a la industria minera que estan orientadas
en el desarrollo de planes mineros productivos.

» Herramienta de planificacion muy simple de usar, con interfaz intuitiva y basada en
el uso de objetos.

 Elusuario trabaja directamente con la informacion del Modelo de Bloques.
 Incorpora conceptos economicos para agregar valor al proyecto.

* Incorpora conceptos mineros para generar planes operativos y factibles (nimero
de bancos por periodo, Sinking Rate y Blending entre otros).

 Los resultados son exportables en planillas Excel y graficas instantaneas.
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Mas tiempo de
/ analisis \
Multiples Féacil y Répido de
Escenarios Resolver

/7 AN

Completa integridad Facil de Facil y Rapido de
con Vulcan Aprender Configurar
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iMuchas gracias!

Rodrigo Valenzuela V.
Ingeniero Senior de Ventas

rodrigo.valenzuela@maptek.cl
+56 9 75495181
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