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Introducao/Contextualizacao

« Matérias anteriores
— Questdes econbmicas
— Teor de Corte
— Limite final da cava
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Planejamento de Lavra

* ODbjetivos principais do planejamento de lavra:
— Menor custo possivel
— Viabilidade operacional
— Aumentar rentabilidade
— Estabilidade de producéo




Planejamento de Lavra

« Planejamento de:
— Longo prazo
— Meédio Prazo
— Curto Prazo




Planejamento de Lavra

* Planejamento de Longo Prazo:
— Limite da cava final
— Necessita ser revisado em tempos em tempos




Planejamento de Lavra

« Planejamento de Curto Prazo:
— Controle de qualidade do material lavrado
— Controle de custos
— Utilizacdo de equipamentos
— Produtividade operacional




Planejamento de Lavra
Conceitos Basicos

« Algumas questoes:
— Qual a vida da mina?
— Qual a producéo da mina?
— Qual teor de corte considerar?

— Como estimar os custos de producédo sem a quantidade a
produzir?
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« Vamos considerar o seguinte exemplo:
— Mineracéao de cobre

— Pelas amostras coletadas por sondagem, pode-se fazer
um modelo de blocos

Table 6.2. Mineral inventory as a function of grade class interval.

Grade class interval Tons Grade class interval Tons
(% Cu) (10%) (% Cu) (10%)
=3.2 (Ave=5.0) 25 1.5-16 205
3132 T 1415 130
3031 15 1.3-14 270
29-30 5 1.2-13 320
2829 5 1.1-12 570
27-28 10 1.0-11 460
2627 33 09-1.0 550
2526 40 0809 420
2425 15 0.7-038 950
23-24 25 0.6-07 980
2223 30 0.50.6 830
21-22 30 0405 1200
20-21 50 0304 1050
1.9-20 75 0.2-03 1300
1.8-19 60 0.1-02 2700
1.7-18 150 =0.1 18.020
1.6-1.7 170

Fonte: Hustrulid, W., Kuchta, M (1998)
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 Premissa 1:
— Ter uma estimativa inicial de custos e recuperacoes

Table 6.1. Costs used to generate the

economic block model.

Mining cost (ore) = $1.00/ton
Mining cost (waste) —$1.00/ton
Milling cost = $2 80/ton
G&A cost (mining) =$0.17/ton
G&A cost (mlling) = $0.40/ton ore
Smelting refiming and sales = $0.30/lb Cu
Overall metal recovery —=$78%

Fonte: Hustrulid, W., Kuchta, M (1998)



Planejamento de Lavra
Conceitos Basicos

* Premissa 2:

— Ter uma estimativa inicial do preco de venda
* $1.00/Ib Cu

Fonte: Hustrulid, W., Kuchta, M (1998)
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e Passos: , $1.00 + $2.80 + $0.40 + $0.17
' &% Cu) = —— e 1,00 — 0.30) 2@
78(1. 30) 2%

_ $4.37
-~ 10,92

— Teor de corte

= 0.40%(Cu)

— Cava final

Fonte: Hustrulid, W., Kuchta, M (1998)



Conceltos Basicos

Planejamento de Lavra
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Fonte: Hustrulid, W., Kuchta, M (1998)




Planejamento de Lavra
Conceitos Basicos

14 ] T I ] I |

12

-
=

oo

Tonelagem acumulada
Cumulative Tonnage (10°)

0 | | |
0 0.5 1.0 15 2.0 25 3.0 35

Cutoff Grade (% Copper)

Teor de corte

Fonte: Hustrulid, W., Kuchta, M (1998)
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Fonte: Hustrulid, W., Kuchta, M (1998)
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* Premissa 3:
— Opcoes de destino:
* Usina
* Estéril




Planejamento de Lavra

Conceltos Basicos

* Premissa 4:

— Teor de corte
* 0.40% (Cu)

Average Grade (% Copper)

0 0.5 1.0 1.5 2.0 2.5 3.0
Cutoff Grade (% Copper)

Cumulative Tonnage (10°)

0 05 1.0 1.5 20 25 3.0 35
Cutoff Grade (% Copper)

7.8 x 1076 t de minério
0.92% de teor médio



Planejamento de Lavra

Conceltos Basicos

* Premissa b5:

— Producéao anual:
« 5000 t de cobre

Table 6.1 Costs used to generate the

economic block model.

Mining cost (ore) =$1.00/ton
Mining cost (waste) =$1.00/ton
Milling cost =$2.80/ton
Gé&A cost (mining) =$0.17/ton
Gé&A cost (mulling) = $0.40/ton ore
Smelting. refining and sales = $0.30/lb Cu
Overall metal recovery =$78%

250 dias/ano de operacao

N\

Overall SR =
7.800.000

23,000,000
—— =295

Mineral reserve (tons)
Mine life (yrs)
_30.800.000
111
Rypine = 11,100 tpd

— 2,775,000 tpy

Mine life (yrs) = Ore reserves (tons)

Ore production rate (tpy)
7,800,000
"~ 700,360
= 11.1 years

_ 5000tpy x 2000 Ibs/ton
0925 0.80 x 0.97 x 2000 Ibs/ton
= 700,360 tpy

Rt = 2801 tpd
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» Conclusao da Primeira iteracao:
— Cobre recuperado: 55500 t
— REM: 2.95
— Vida da mina: 11.1 anos
— Producéao da Usina: 2801 tpd
— Producao da Mina: 11000 tpd
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* Proximos passos:

Voltar na Premissa 1 e melhorar os custos estimados
Recalcular o modelo de blocos econdmicos

Refazer a cava final, toneladas-teor, etc.

Definir a Usina

Calcular CAPEX

Fazer o Fluxo de Caixa e o VPL

Voltar na Premissa 2 e melhorar as estimativas
Voltar na Premissa 4 e avaliar outros teores de corte
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* Premissas:
— Custo e recuperacoes
— Preco do produto
— Opcoes de destino
— Teor de corte da usina
— Producéo anual
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Figure 1. The Hill of Value mine optimisation technique. .
Ideal improvement

proposal:
Typical Change production
improvement rate & cutoff grade to
proposal: maximise value
Arbitrary =
production rate
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¢
>
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Fonte: https://www.ausimmbulletin.com/feature/the-role-of-mine-planning-in-high-performance/
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« Sequenciamento por “Nested Pits”
— Variando o preco do minério (teor de corte)

T4000E 15000 T6000E
5000

ERNN

4000

CROSS-S5ECTION 18000N
SCALE 1:500 JRS

3000

Fonte: Hustrulid, W., Kuchta, M (1998)
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* Fluxo de Caixa
— Pré-Producéo

[
— Producéo +
— Pos-Producéo —
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* Pre-Producao

Table 6.10. Pre-production cash flow table ($1.000).

1. Project year 1 2 3 4 5 ] 7
2. Calendar year 1984 1985 1986 1987 1988 1989 1990
3. Capital expenditures: Total
4. Property acquisition 0 2000 0 0 0 0 0 2000
5. Royalties 0 0 0 0 0 0 0
6. Exploration 1500 1000 0 0 0 0 0 2500
7. Development 0 0 3330 9842 9842 9842 9842 42 698
8. Mine/mull buildings 0 0 0 4836 13,057 1711 9948 29552
9. Mine/mill equipment 0 0 10,000 0 9981 25295 2999 48275
10. Property tax 0 0 255 378 965 1654 1985 5237
11. Working capital 0 0 0 0 0 0 8353 8353
12. Total capital expenditures 1500 3000 13,585 15,005 33,744 38.349 33.127 138,310
13. Cash generated due to tax savings
14. Exploration 690 460 0 0 0 0 0 1150
15. Development 0 0 1532 4527 4527 4527 4527 19,640
16. Depreciation 0 0 0 920 920 920 920 3680
17. Property tax 0 0 117 150 397 690 819 2173
18. Total cash generated 690 460 1649 5597 5844 6137 6266 26,643
19. Net cash flow —810 —2540 —11.936 —9408 —27.900 —32212 —26.861 —111,667

Fonte: Hustrulid, W., Kuchta, M (1998)
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* Producao

Table 6.14. Cash flow during mine production life ($1000).
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Production year

. Project year

Calendar year

Revenue
Royalty

Net revenue
Mining cost

. Processing cost

General cost
Property tax

. Severance tax
. Depreciation
. State income tax

. Net mcome after costs
. Depletion

. Taxable mcome
. Federal income tax

. Profit
. Depreciation
. Depletion

. Cash flow
. Capital expenditures

. Working capital
. Net cash flow

1
g
1991

B2.742
4137

78.605
9363
13.249
4600
6888
1030
8346
1756

33373
14.793

18.580
8547

10,033
8346
14.793

33,172
7000

v]
26,172

2
9
1992

82,742
4137

78,605
9363
13,249
4600
G888
1030
8340
1756

33373
17,293

16,080
7397

8683
8340
17.293

34322
0

0
34322

3
10
1993

82,742
4137

78.605
9363
13.249
4600
6888
1030
8346
1756

33373
17.293

16.080
1397

8683
8346
17.293

34,322
0

0
34.322

4
11
1994

82,742
4137

78,605
9363
13.249
4600
G888
1030
B340
1756

33373
17.293

16.080
1397

8683
B340
17.293

34322
0

0
34322

5
12
1995

82,742
4137

78.605
9363
13.249
4600
6888
1030
8340
1756

33373
17,293

16.080
7397

8683
8340
17.293

34,322

34,322

6
13
1996

82.742
4137

78.605
9363
13.249
4600
6388
1030
83406
1756

33,373
17.293

16.080
1397

8683
83406
17.293

34,322
7000

0
27.322

7

1997

82,742
4137

78,605
9363
13.249
4600
6888
1030
8340
1756

33373
17.293

16.080
7397

8683
8340
17.293

34322

34.322

8
15
1998

82.742
4137

78.605
9363
13.249
4600
G888
1030
2878
2030

38.567
17.293

21274
9786

11.488
2878
17.293

31.659

31.659

9
16
1999

B2.742
4137

78.605
9363
13.249
4600
6888
1030
2878
2030

38.567
17.293

21274
9786

11.488
2878
17.293

31.659

31.659

10
17
2000

82,742
4137

78,605
9363
13,249
4600
6888
1030
2878
2030

38,567
17,293

21,274
9786

11,488
2878
17.293

31,659
0

0
31.659

11
18
2001

82,742
4137

78.605
9363
13.249
4600
6388
1030
2878
2030

38,567
17.293

21.274
9786

11.488
2878
17.293

31.659
7000

0
24.659

12
19
2002

82,742
4137

78.605
9363
13.249
4600
G888
1030
2878
2030

38.567
17.293

21.274
9786

11.488
2878
17.293

31.659
0

0
31.659

13

2003

82,742
4137

78.605
9363
13.249
4600
6888
1030
2878
2030

38,567
17.293

21.274
9786

11.488
2878
17.293

31,659
0

0
31.659

14
21
2004

82.742
4137

78.605
9363
13.249
4600
6388
1030
2878
2030

38.567
17.293

21.274
9786

11.488
2878
17.293

31.659
0

0
31.659

15
22
2005

82,742
4137

78.605
9363
13.249
4600
6888
1030
2878
2030

38.567
17.293

21.274
9786

11.488
2878
17.293

31.659
0

8353
23.306

Total

1.241.130
62.055

1.179.075
140.445
198.735

69.000
103.320
15.450
81.446
28.532

542,147
256,895

285252
131.217

154.035
81.446
256.895

492.376
21,000

8353
463.023

Fonte: Hustrulid, W., Kuchta, M (1998)
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 Destino do material lavrado
3.00 p=—
— E como definir isso?

2.00 =

167 femmrmmemr e e -

Net Value ($/ton)

1.00 |—

LT e S

o I I i [ ]

0.30 0.35 0.40 0.45 0.50 0.55

Percent Copper (%)
Fonte: Hustrulid, W., Kuchta, M (1998)

Figure 6.24. Breakeven between milling and leaching.
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 Destino do material lavrado
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Fonte: Hustrulid, W., Kuchta, M (1998) 0
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« Cronograma de Producéao

Minimum Phase
Operating Width

APR = Average Profit Ratio
J i ) Profit ratio = revenue
IPR = Incremental Profit Ratio all costs

Figure 6.57. Pit sequencing in order of decreasing value (Mathieson, 1982).
Fonte: Hustrulid, W., Kuchta, M (1998)
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- Cronograma de Producéao

Production Rates — Tons/Day

. SL';';'ITLS 5 SHOVELS 5 SHOVELS
SHIFTS PER DAY 0 SHOVEL SHIFTS PER DAY 8 SHOVEL SHIFTS PER DAY
r ™
81.000 TPD
72.000 TPD
2.00 MINING RATE-TOTAL MATERIAL A
Z.D -
wiO
54.000 TPD _
2 151 50.000 TPD
m fm——————————
or 1.35 1.31
] wiO
= w0
£ 1.00
£ wiO —35000TPD __
& 107 I T MILLING RATE
27.000 TPD
(21000 TFD |
e
23.000 TPD
0.5¢ 0.44
w0
PreeProd. 17 2 3 4 5 6 7 8 9 10 30 more }fears;
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Fonte: Hustrulid, W., Kuchta, M (1998)



Conclusao

Financial Optimization

1) Capital and Operating Summation
2) Revenue

3) Cash Flow Statement

4) Marginal Ore Utilization

5) Rate of Return

/ @
Refined Ore Reserves o \. Ore Reserve Analysis

1) Cutoff Grade 1) Break-even Analysis

2) Marginal Analysis 2) Drill-Hole Evaluation
3) Design Alternatives 3) Pit Design
4) Marginal Analysis
Ct——— - ©

Equipment and Facilities Production Scheduling
1) Capital Intensive 1) Preproduction Costs
2) Equipment Selection 2) Working Room
3) Operating Costs 3) Stripping Ratios
4) Capital Depreciation 4) Sequencing
5) Selective Mining 5) Reclamation

6) Operating Schedules
7) Financial

8) Constraints

Figure 6.82. Circular analysis (Dohm, 1979).

Fonte: Hustrulid, W., Kuchta, M (1998)



Proxima aula

« Aula Pratica — Planejamento real de uma
mineracao
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