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ABSTRACT

An open-pit mining operation can be viewed as a
process by which the spen surface of a mine is continu-
ously deformed, The planning of & mining program in.
vo.res the design of the final shape of this open surface.
‘The approach developed in this paper is based on the
following ax<vmptions: 1. the type of material, its mine
va'ue and ils extraction cost is given for each Ipmnt: 2.
restrictions an the geametry of the pil are specified (sur-

fes and i 1l wall slopes);
4 the objective is to maximize total profit — total mine
value of material extracted minus total extraction cost.

'wo numeric metionds are proposed: A simple dynamie
programming alporithm for the two-dimensional pit (or
a single vertical section of 2 mine), and a more elaborate
graph algorithm for the general three-dimensional pit.

B

Introduction

SURFACE mining program is a complex opera-
tion that may extend over many years, and in-
volve huge capitul expenditures and risk. Before un-
dertaking such an cpevation, it must be known what
ore there i to be mined (types. grades, guantities
and «patil distribution) and how much of the ore
sheuld be mined te make the operution profitable,
The reserves of ore and its spatial distribution are
estimated by geological interpretation of the informa-
tion obtained from dvill coves. The object of pit de-

Open-Pit Model

Besides pit design, planning may bear on questions

such as: '

— what market to select;

— what upgrading plants to install;

— what quantities to extract, as a function of
time;

— what mining methods to use;

— what transportation facilities to provide.

There is an intimate relationship between all the
above points, and it is meaningless to consider any
one component of planning separately. A wathema-
tical model taking into aecount all possible alterna-
tives simultaneously would, however, be of formidable
size and s solution would be beyond the means of
present knowhow. The model proposed in this paper
will serve {0 explore alternatives in pit design, given
a real or a hypothetical ecomomical envirsnment
(marlket situation, plant confignration, etc.), This an-
vironment is described by the mine value of all ores
present and the extraction cost of ores and waste
materials. The objective then is to lesign the contour
of & rit 5o as to maximize the difference between the
total mine value of ore extracted and the total extrae-
tion cost of ove and waste. The sole restrictions eon-
cern the geometry of the pit; the wall slopes of the
pit must not exceed certain given angles that may
viry with the depth of the pit or with the material.
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» The objective of LG in it's simplest form is to
> Determine the exact optimal shape for a Open Pit in three dimensions
> Using the value of the block and subject to the required pit slopes

» The shape
> Includes every block that is "worth mining" when waste stripping is taken into account.
> Excludes every block that is not "worth mining".
The method uses the Values of the blocks and slopes, represented by “structure arcs”.
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» This model is 17 blocks long and 5 blocks high.

» 3 blocks contain potential ore,

» All other blocks are waste and have the value -1.0

239
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L erchs-Grossmann

» This is the ultimate Pit Shape for those parameters.
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» The previous problem covers off on a few different mathematical concepts
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> Set & Graph, and —

: > Maximum Closure of a Set. IR R EE

. » The same sort of problem can be described like this e T :_ 3‘

. . o I

» These same concepts have been extended in the field NN

: of Operational Research to produce the likes of o
Pseudoflow as published by Hochbaum in 2008 TS T
i ! @\ B0 2
4(@/@
. o @ @ @
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Pseudoflow

» The objective of Pseudoflow is to solve the same problem, but research has
show it is more efficient than the other methods
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» The same concepts of Set & Graph is used, however instead of solving directly
for Maximum Closure of the Graph, you solve for a variated version of the graph,
a flow graph or a flow network.
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Pseudoflow
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Whittle

» Pseudoflow will be available as part of Whittle Core and in the Whittle 4.7.1
release, this is scheduled for 7t July,

» Only enabled within the 64 bit version of Whittle,
» And then, only within the 64 bit Engine, and

» From the Optimization Tab, the user will need to select Pseudoflow if they wish to
use it. - -
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Optimization Method Optimization Control

Lerchs-Grossman
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Whittle — Timing Comparison with 9 Revenue Factors

o— Whittle LG o— Whittle Pseudoflow
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Whittle — Memory Use

Memory vs Number of Active Arcs

40
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100 200 300 400 500 600

Number of active arcs (Million)

3DS.COM/GEQVIA © Dassal

RAM (GB) 8 16 32 48 64
Active Arcs (M) 103 238 509 779 1,049
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Whittle — Differences in the results: LG Pit 1

975 SO EL 1| The 3DEXPERIENCE Company



22

Whittle — Differences in the results: PS Pit 1
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Whittle — Differences in the results: LG Pit 2
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Whittle — Differences in the results: PS Pit 2
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Whittle
Optimization pit summary LG
Minimun Maximur Rock Ore Strip Max Min AU AU cu cu
2 Pit Rev Fir | RevFir | Tonnes | Tonnes | Ratio Bench Bench Units Grade Units Grade
%‘ x1000 | x1000
§ 1| 0.385714| 0.385714 93 a5 1.03 31 29| 36524 0.8 10043 0.22
I 2| 0.47141 Optimization pit summary Pseudoflow
S 3| 0.55714 Minimun Maximur| Rock Ore Strip Max Min AU AU cu cu
g 4| 0.64289 Pit Rev Ftr | RevFir | Tonnes | Tonnes | Ratio Bench Bench Units Grade Units Grade
§ 2 g:;iﬁs 1| 0.385714 Minimun Maximu Rock Ore Strip Max Min AU AU cu cu
£ - o 5| 0.471429 Pit Rev Ftr | RevFtr | Tonnes | Tonnes | Ratio Bench Bench Units Grade Units Grade
g 2l 053571 3 0.557123 x1000 | x1000
£ 3] 1.07143 a| 0.6a2857 1 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
g 10| L1571 s| 0728571 2 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
€ 11| 124281 6| 0.814286 3 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
% 12| 132851 7 0.9 4 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
5 13| 14142 8| 0.985714 5 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
"g 14 1 3| 1.071429 6 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
2 10| 1.157143 7 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
§ 11| 1.242857 8 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
3 12| 1.328571 9 0.000 o0.000] 0.000 o0.000)] 0.000 0.000 0.000 0.000 0.000] o0.000 0.000
g 13| 1414286 10| o0.000] o.000] o000 o0.000 o000l o000 o0o000] o000l o000 0000  o.000
3 14 1> 11  o0oo0] o000 o000 o0000] o000 0000 o000 o000 o0000] 0000 0.000
& 12 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
13 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
14 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
2 2 .
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Simultaneous Optimization — SIMO
- GEOVIA Whittle Advanced Strategic Scheduling tool
- Optimises inputs simultaneously over life of mine

- Unlocks the hidden NPV

NPV

STOCKPILE
SIMULTANEOUS

OPTIMISATION
CUT-0OFF

OPTIMISED PIT

SCHEDULE

SCHEDULE

2
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Example 1: Dataset by Minelib

http://mansci-web.uai.cl/minelib/

ent_2015

Block size 7.5x7.5x6 Augh |

2 2.14 Min blocks B
- Augrade only [y
e il 150 > 2.00
: B 2.00 > 95.00
Study Inputs:
3 Mining cost $1.32/t Slope angle 45 degrees
? Processing cost $19/t Mill capacity 3.3 Mt/year
: Mining Dilution 5% Vertical Advance Rate 60 m
: Mining Recovery 95% Disc. Rate 15%
; Processing Recovery ~ 90% Stockpile 5051
Au price $1300/0z  Rehandling Cost '

p?S GE®VIA
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http://mansci-web.uai.cl/minelib/

Step 1 - Pit Optimisation and Cutback selection
NPV Practical Pushbacks (Mining Width 30m)
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Milawa vs SIMO schedule comparison

Milawa NPV Schedule NPV $275M
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SIMO Schedule NPV $307M 12% increase

[ Stockpile Balance

[ Waste mined

I Stockpiled ore to process

Ore mined to process

Au feed grade, g/t
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Mining Limit Scenario Analysis — Contractor Mining

Assume No Capex
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Mining Limit Scenario Analysis — Owner Mining

Assume Capex $1/t
288
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284
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280
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274
272

NPV, M$

Mining Limit, Mt
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NPV $282M

H-

Year

Mining fleet replacement in Year 67
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'raditional Mining Limit Scenario analysis
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Mining Limit — SIMO CAPEX Optimisation

Mining Capex Optimisation setup

B Pericd Variation M | EES

Document_2015

Period Variation:

CAPEX Optimisation
Global Mining Limit

g Descrl.ptmn Run Control Period Value Add
5 Seling ) Normal run (default, repeatable) 1 1

= | Optimization o Delete
g : () Extend existing results B 1

£ Blend Bins [ Copy Al ]
f:; Schedule @ Advanced optimisation controls q

% Stockpiles

2 SumMmary Period horizon: |10

§ Report

E Messages

g s ’Enable Capex Optimisation

©

5

Mining Limit (tonnes) Additional Capacity

0 30000000 1Poi 1)
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Mining Limit — SIMO CAPEX Optimisation

Schedule Results NPV $285M

Document_2015

: 287 2
% 24] Stockpile Balance : LTI R
= 227 b Waste mined
5 201 e _ A , - ,
% 10T \\ mm Stockpiled ore to process Period Mew global mining limit | Undiscounted Additional Capacity Cost
g - Ore mined to process e I L EiBE,EDD e
g \ - 2 25 685 200 a
g Aufeedgrade, gft 1 - 3 25,685,200 0
S = 4 25 685,200 ]
£ 5 A 5 25,685,200 0
gf 8: l ] ‘I,EB,UEU 1,578,060
2 gt L1 T 1,578,060 0
S 4] 3 1,578,060 0
g 5 | 9 1,578,080 a
% ol . 10 1,578,060 ]
g 12 3 4
2 2
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Conclusions
CAPEX Optmisation in SIMO

» Saves time (less Scenarios)

ent_2015

» Better results — optimal limits for each period

» Better (practical) schedules - trucks also have value!
» Applicable at any period of mine life

To consider:

» Correct cost models are essential
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» Mining limit doesn’t include rehandling limit
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