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TARGET MARKET OF STARTUPS COMPARED TO TOP 20 QUEENSLAND INDUSTRIES

Construction

Mining, Energy & Resources

Ownership of Dwellings

Health Care & Social Assistance

Manufacturing

Transport, Postal & Warehousing

Public Admin, Defence & Safety

Finance & Insurance Services

Professional, Scientific & Technical Services

Wholesale Trade

Retail Trade

Education & Training

Agriculture, Forestry & Fishing

Electricity Gas, Water & Waste Services

Rental, Hiring & Real Estate Services

Accommodation & Food Services

Administrative & Support Services

Information Media & Telecommunications

Other & Unknown Services

Arts & Recreation Services
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Mine Planning

Mining Life Cycle

| Tactical Mine
Planning
: Strategic Mine
Planning
Prospecl-ngi Exploration | Development 3 Production 1  Closure

Life cycle of an orebody

Business Value

Variable

Concentrator cut-offs
de 40 000 Kw. 1 v

-
OP/UG ¢ . -
l .
> \ Rall road

Fixed
Cut.offs

Conveyor beit

Concentrator
de 10 000 Kw,

Underground

Strategic mine planning " Tactical mine planning

* Over the mining life cycle ratio of strategic to tactical planning

decreases

* Whilst, cumulative business value improves over time with a
decrease in the variability of business value
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Open Pit Mine Design Process

Current Approach
(Step by Step)

Mining and
Milling
Capacity

Mining and
Milling
Costs

Production
Schedule

Ultimate Pit
Limit

Design of
Pushbacks

Production

Schedule

|deal Approach
(Integrated Optimisation)

Mining and
Milling
Capacity

Mining and
Milling
Costs

Ultimate Pit
Limit

Design of
Pushbacks




What does the model do?

* Maximise Net Present Value (NPV)
* Selects optimal system configuration
* Sequences and schedules material flow

Mining and
Milling
Capacity

Production Mimﬂl?ng"d
Schedule Costs

Cutoff Ultimate Pit
Grade Limit
Design of
Pushbacks




Network Layout
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 Maximise the discounted

Revenue from saleable product — Variable cost of mining/processing —
Fixed operating cost of design option — Capital Cost of Design Option —
Disposal cost of design option



Production Constraints

Resource Constraints

FT forvp,b,n 1
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Production Constraints

FT forvp,b,n
Z Xp,b,f,t,n = Rp,b
fit=1
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Production Constraints

FT forvp,b,n
Z Xp,b,f,t,n = Rp,b
fit=1
Bp.F.t forvp,t,n
Xp,b,f,tt,n = prp,t,n
bf=1,tt=1
Bp Fit forvp,t,n
Xp’,b,f,tt,n = Rp’,an,t,n
b,f.tt=1
Yp,t—l = Yp,t,n for Vp,t,n
Equal Mining of Parcels
Yoepiren < SR; / forv PIT,t,n
L 1 Bp F forvp,b,t,n
R prbftn R prbftn S}//o
L= P pr=1
Bp.F forvp,b,t,n




Design Option Constraints

Capacity Constraint

A

P.Bp.F forv o € PRE,t,n 8
Xp,b,f,t,n < Co,t,nYo,t
p.b.f=1|f€0
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Design Option Constraints

P.Bp F forv o € PRE,t,n 8
Xp,b,f,t,n < Co,t,nYo,t
p.b.f=1|f€0
P.Bp.F S,.LF forv o € POST, t,n 9
Z Xp,b,f,t,n + Z Xs,i,f,t,n < Co,t,nYo,t : -
p.b.f=1|f€0 sif=1|f€o Financial Cost
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Design Option Constraints

P.Bp.F forv o € PRE,t,n 8
Xpbrin < CotnYor
p.b.f=1|f€0
P.Bp F S.IF forv o € POST, t,n 9
Z Xppfitn T Z Xsiftm =< CornYor
p.b.f=1|f€0 s,i,f=1|f€0
P,Bp,F SILF forvc,0 € POST, t,n 10
Z Xp,b,f,t,n + Z Xs,i,f,t,n = Cc,o,t,nyo,t
p.b.f=1|f€c,0 s,i,f=1|f€c,0
FCopinYor —FCotnYor-1 <Eotn forvo,t,n 11
Option Dependency
FDynYor —FDotnYot-1 < Doin / forvo,t,n 12
Yore Vo1 forvo,t 13




Stockpiling Constraints

Stockpile Out <= In

Ft—1 P.Bp F.t forv s,i,t,n 14
Z Xsifiten = Z Xpb.fttn
f.tt=1|sji€f p.b.f.tt=1|s,i€f
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Stockpiling Constraints

Stockpile Capacity Limit
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Stockpiling Constraints

PBp,F.t

Ft—-1

Z Xs,i,f,tt,n =

f.tt=1|sief
P,Bp Ft
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Product Constraints
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Stockpiling Constraints

PBp,F.t

Ft—-1

§ Xs,i, f.ttn

ftt=1|sief

P,BpFt

X p.b.f.tt,n

p.b.f tt=1|si€f

Z X p.b.f.tt,n

p.b.f.tt=1|s,i€f

F,t

Xs,i,f,tt,n = Cs,t
f.tt=1|si€f

Product Constraints
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Integer Feasibility Cuts

All Options in a flow path
must exist

/

t forvo,t 19
Vor= D Yore <0
tt=1
! ‘ for v p,t,n 20
Z Yp’,tt,n = Z Yp,tt,n
tt=1 tt=1
Ypin < Yo,t|o€M forvp,o,t,n 21




Integer Feasibility Cuts

Parcel Dependency
(enforced on Binary as
well as Linear Variable)

t TOT VU, T 19
Vor= ) Yore <0
tt=1
: : forvp,t,n 20
Z Yp',tt,n = Z Yp,tt,n
tt=1 tt=1
Ypin < Yo,t|o€M forvp,o,t,n 21




Integer Feasibility Cuts

Restrict mining if no mining
option has been built

t forvo,t 19
Vor= D Yore <0
tt=1
! ‘ forvp,t,n 20
z Yp',tt,n = z Yp,tt,n
Ypin < Yo,t|o€M forvp,o,t,n 21




Performance Size Reduction Algorithms

Late start on execution of a design option due possible resource extraction being
less value then the cost of the design option

Early start on a parcel due to possible design option capacity

Early start for a parcel due to a maximum sink rate

Removal of flow paths with a negative marginal value

Aggregate bins within a parcel of similar characteristics

Problem Size

Parcels - 72 / Bins - 1446 499 binaries / 176,000 linear
Design Options - 8 56 binaries
Stockpiles — Bins - 15 1,502 linear

Time Periods - 7



Model Modes...

Time Period
1 2 3 4 5 6 7 8 9 10 Advantages Disadvantages
_ = |
Scenarios == NN —
Fixed Input by Clear path forward dueto  System configuration will not
Fixed User fixed system configuration  react to change
System
_ Optimised for  Obtains an optimal system  Assumes perfect knowledge is
Flexible each scenario  configuration for the available to decision makers
System simulation
Optimised.for System configuration is Model is large thus slow to
Robust all scenarios  designed to handle change  solve
System the best
Fixed Input by  Fixed configuration and clear Requires manual input of the
Operational User forinitial - pathway for initial periods initial fixed configuration
System per!OC?s then  with flexibility maintained in which requires running of the
Optrllmlsed fc_Jr back end of the schedule other modes to determine the
each scenario best configuration

Possible system configurations over time




Pit and Pushback Design

| In-Situ Gold Resource

ORL ORL

SORL -SORL

-100RL




Feasibility Study

Feasibility Project Cash flows
600

$447M

Value ($M)

-400
YR1 YR2 YR3 YR4 YR5 YR6-7 YRS-9

mmmm Undiscounted  mmmm Discounted === Cumulative Discounted




Stochastic Parameters

Mining Cost

225

200

0.25

3025898

]
Quarter

—5%-95% ——25%-75% ——Mean ——Actuals

Processing Cost

Actuals

%050 5% - /5%  ——Mean

Recovery

——5%-95% ——25%-75% ——Mean ——Actuals

tion

Process Utilisa

Actuals

5% 05%  ———25% - /5% ——Mean

Gold Price

Quarter

——5%-95% ——25%-75% ——Mean ——Actuals

1,800
1,600
1,400

g g

?3.1& 291d Plo9

200

400

Mining Utilisation

Actuals

% 08% - 25%- /5% ——Mean




Conditionally Simulated Models

Probability

Histogram of Resource Tonnes: u = 12100000,0 = 200000

25%

114 1186 18 120 122 124 126
Tonnes (Mt)

25%

20%

15%

Probability

3
=

0%
680,000 700,000 720,000

Probability

128

740,000 760,000 780,000 800,000

Ounces (0z)

25%

20%

Histogram of Resource Grade: 4 =1.97,0 =0.06

18 185 19 195
Grade (gh)

Histogram of Resource Ounces: p = 767000,0 = 31000

820,000 840,000 860,000

20

205




Fixed System

Fixed System

» Feasibility Configuration
* Mining 18 Mtpa

0 0 « Plant 2 Mtpa

« Optimised Schedule

Mining - 18Mtpa Capacity

Option

Plant - 2Mtpa Capacity

1 2 3 4 5 6 7
Decision Period

0% 20% 40% 60% 80% 100%
Frequency of Execution

Project Value at Risk Graph

100% : —e— Fixed System WITH Geological Uncertainty
1 = = eNPV - Fixed System WITH Geological Uncertainty (§556.51M)
90% : Deterministic Value for Feasibility ($447.79M)
80% E
1
Feasibility System o E
Configuration with =
onfiguration wi - .
L g :
variability from
. k]
uncertainty
o
ENPV - $556M £ o
20%
10%

0%
-200.0 0.0 200.0 400.0 600.0 800.0 1,000.0 1,200.0
Net Present Value ($M)




Options

\ [ [/
\ / [/ /

Pushback 1

Pushback

Pushback 3

Waste \

Conditionally
Simulated models
1...50

Mine Expansion
Dependent on
18Mtpa

Dump

Heap

Leach

Plant
—» 2Mtpa
Plant
»| 3Mtpa
Flow Out in
igh Grade\ Later Period
I . >
Stockpile Flant
(MY —»| 5Mtpa
Flow Out in
Low Grade\ Later Period Plant
Stockpile \ T "7 ° >
P i—>2Mtpa w EXP
Expansion
: dependent
on 2Mtpa
{ Plant Plant EXP
........... > 3Mtpa




Flexible System

* Flexible system configuration
s : : c generates optimal
-« [N configuration for each period
-+ I . Mining — 8Mtpa has FoE

g T 5 5 : 5 ‘* " higher than 100% as it

executes multiple times in
- = [ R some cases

 Recommends:

* Mining 18Mtpa (p1-7)

* Mining Expansion (p5-7)

e * Plant 3Mtpa (p2-p7)

Flexible System

Dump Leach

Mining - 8 Mtpa Additional Fleet

Plant - 5Mtpa 5 14 29 33 33

Project Value at Risk Graph
100% '

—e— Fixed System WITH Geological Uncertainty

— = eNPV - Fixed System WITH Geological Uncertainty ($556 51M)
—— Flexible System
— = eNPV - Flexible System (51141.89M)

Deterministic Value for Feasibility ($447.79M)

©
=1
*®

@
S
B

* Flexible System
Configuration value
distribution

« ENPV - $1142M

Probability of Achieving NPV (%)
w - (5. =23 -~
8 5 8 21 =]
ES &2 & B =

N
=1
&

=]
B

Q
B3

0.0 500.0 1,000.0 1,500.0 2,000.0 2,500.0
Net Present Value ($M)




Flexible System for Deterministic

Option

Plant - 2Mipa

Flexible System for Deterministic Parameters

100

100

Include Design Options in
optimisation process to determine
System Configuration
simultaneously with mine
schedule

With the proposed ‘fixed’

system configuration
determine distribution of
value by examining
performance under
uncertainty

)

Probability of Achieving NPV (%

Significant increase in
ENPV to $1067M compared

to feasibility of $556M

0o

Project Value at Risk Graph
1

: —s— Flexible System Configuration
1 — — eNPV - Flexible System Configuration ($1141.89M)
! —e— Fixed System Configuration WITH Geological Uncertainty

= = eNPV - Fixed System Configuration WITH Geological Uncertainty ($556.51M)
Deterministic Value for Feasibility
1 —e— Fixed System for Deterministic
1 — — eNPV - Fixed System for Deterministic ($1067.62M)

1 1
500.0 1,000.0 1,500.0 2,000.0 2,500.0
Net Present Value ($M)




Robust System

100% Robust system simulation selections
0

—s— Flexible System

90%

80%

70%

60%

50%

40%

Probability of Achieving NPV (%)

30%

20%

10%

0%
0.0 5000 1.0000 1.500.0 20000 25000

Net Present Value ($M)




Robust System

Robust Mode

Dump Leach

Mining - 18Mtpa 100 100 100

Mining - 8 Mtpa Additional Flect

Plant - 2Mtpa

QOption

Plant - 2Mtpa with Expansion

Plant - 3Mtpa 100 100 100

Plant - 3Mtpa from Expansion

Plant - 5Mtpa

Time

0% 20% 40%

100 100

100

60% 80% 100%

Frequency of Execution

100

100

100 100 100

« Single system
configuration that handles
3 simulations the best

« Delay of operation
commencement by 1 year
(allow uncertainty to
resolve)

* Increase in ENPV to
$1074M

» Greater losses but more
upside potential

100%

90%

80%

70%

60%

50%

40%

Probability of Achieving NPV (%)

30%

20%

10%

0%
-500.0 0.0

Project Value at Risk Graph
I

—e— Flexible System Configuration
— = eNPV - Flexible System Configuration ($1141.89M)
—s— Fixed System Configuration WITH Geological Uncertainty

Deterministic Value for Feasibility
—e— Fixed System for Deterministic
eNPYV - Fixed System for Deterministic ($1067.62M)
Robust System

eNPV - Robust System ($1074.42M)

1,000.0
Net Present Value ($M)

1,500.0

= = eNPV - Fixed System Configuration WITH Geological Uncertainty ($556.51M)




Operational System

Option

Operational System

Dump Leach 6

WMining - 18Mtpa 100 100 99

Mining - 8 Mipa Additional Fleet 29
Plant - 2Mtpa 2

Plant - 2Mtpa with Expansion

Plant - 3Mipa 100 100 98

Plant - 3Mipa from Expansion

Plant - SMtpa

Time

0% 20% 40%

99

60%

Frequency of Execution

6 30
94 93
103 86

5 5
98 95

2 2

6 7

Fixed System Configuration for
Decision Periods 1 — 3

Flexible System Configuration in
later Decision Periods

Increase in ENPV to
$1096M

Operational system
configuration allows a
robust decision to be
made in initial periods
with flexibility
maintained in later
periods

Probability of Achieving NPV (%)

90%

80%

70%

60%

50%

40%

30%

20%

10%

0%
-500.0 0.0

Project Value at Risk Graph
I

—e— Flexible System Configuration

— = eNPV - Flexible System Configuration ($1141.89M)

—s— Fixed System Configuration WITH Geological Uncertainty
= = eNPV - Fixed System Configuration WITH Geological Uncertainty ($556.51M)
Deterministic Value for Feasibility

—e— Fixed System for Deterministic

eNPYV - Fixed System for Deterministic ($1067.62M)
Operational System

eNPV - Operational System ($1096.79M)

Robust System

eNPV - Robust System ($1074.42M)

[

500.0 1,000.0 1,500.0 2,000.0 2,500.0
Net Present Value ($M)




Summary

Expected Project Value (SM)

Feasibility Study 447
Feasibility Sched 556
Fixed System 1067
Robust System 1074
Operational System 1096
Flexible system 1142

« Fully Flexible system configuration is unrealistic as it assume perfect

information

« QOperational system configuration is the best due to inclusion of

flexibility in later year

Take Away’s

« Significant Increase in Expected Project Value by including Design
Options in the optimisation process and simultaneously optimising
 Inclusion of Uncertainty in analysis process justifies including

flexibility in the design




