Optimizing Asset ARMS
Management Strategies
In the Mining Industry.
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Project Goals

e Simulate various
mining strategies

« Make informed
asset decisions

e Streamline mining
operations
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Description

Create a dynamic mine model using history
on current assets in AvSim++

Run mine availability and capacity simulation

Play “What If” scenarios to assist decision
making
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Technology

 Reliablility block diagrams

 Models asset aging and failure
characteristics

* Predicts system and component
availability, capacity and spares

 Monte-Carlo computer simulation

AvSim +: Avallability Simulator Software
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Open Cut Coal Mine Example

e Systems
— Overburden removal
— Coal removal
— Coal handling and

preparation
BLOCHK2 BLOCHKS3 BLOCHS
- Overburden - Coal Remowval - Coal Handlil‘fg > |
Remowval and Preparation
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Open Cut Coal Mine Example

e QOverburden removal

BLOCKS

ELOCKY

ELOCKS

— Drills

— Draglines

— Face Shovels

— Overburden trucks
J_, Drills

- Draglines

+Face Shovels - Overburden _u

Trucks
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Open Cut Coal Mine Example

e Drills
— Drill 1 60% capacity
— Drill 2 60% capacity

BLOCK15
Drill No.1
A
\ 4
60% -

BLOCK16 A
| Drill No.2

60%
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RELIABILITY ENGINEERS

Open Cut Coal Mine Example

* Drill Failure Data TR 2l
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Open Cut Coal Mine Example

o D”” COrreCtlve / Edit Failure Model 2] x]
Maintenance Data O

— Repair time=24 hrs Oitbiien rome ] |

234879065 x1
bean time to repair; 24

—_— Spares & Labour Standard desiation ; |0
defined

Add. Remowe |

Labour categories :
Mechanical x 1

Miscellaneous costs : [0

18]

Ane reduction factor : |1

Add.. Rermove |
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Open Cut Coal Mine Example

° Drill Planned / Edit Failure Model m
Maintenance Data ® cuv| / bl 9 camcn 9 iwes| 8 s

W Perfarm interval maintenance: ¥ Qut of service during maintenance
— Task time=12 hrs
Distrioutian : [Normal v| [e31587654x7

— Spal‘es & Labour Mean task time : [12
- Standard deviation ; (0
defined

—_— I nte rval :2 190 h rS Miscellaneous costs : |0

Age reduction factar; |1

— Opportune Maint.

Add. Remowve |

Lahour categories :
techanical x 1

1R

Rermowve |

|'Oppm1unistic Maintenance

™ Petarm WAinimumIEEE |1

Ok Cancel | Help
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Open Cut Coal Mine Example

AvSim+ V8.0

 Drill Capacity

Capacity Profile

24405-01

Results Over 10

Years »
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Open Cut Coal Mine Example

AvSim+ V8.0 24405-01

 Drill Unavailability

Unavailability Profile

Results Over 10 T T T T
Years - \\ \\
Wil |
— Mean unavailability el |
per drill=0.5% over ~ §w= | \l \
10 years B |

|

o |
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Open Cut Coal Mine Example

e Drill Lifetime Costs
Over 10 Years
— Lifetime Cost=$62k  }

+ V8.0
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Open Cut Coal Mine Example

0= Results Summary 7] x|
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- _ 0 hean capacity over lifetime : 93.997
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Open Cut Coal Mine Example

e Total Mine Capacity

Results Over 10

Years

— Total Mine Capacity wfete

Chart

AvSim+ V8.0 2405-1
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Open Cut Coal Mine Example

« “What If” Scenarios -

— Add spare drill at ey DANG0% [, o
40% capacity into Capacity
the model v A

Drill 2
Drill 260% |_4A
Capacity

Drill 3
| Drill 3 Spare
40% Capacity
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Open Cut Coal Mine Example

AvSim+ V8.0 24405-01

e “What If” Scenario -

Capacity Profile

Spare Drill
— Capacity of drills
system = 100% "
— Total Mine Capacity — § ’
= 94.4% i
— Increase total mine .
capacity by 0.5%

0 B760 17520 26280 35040 43800 52560 G320 70080 78840 87600
Time
o Drills
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Open Cut Coal Mine Example

e Conclusion
— Assess impacts on operation
— Effective resource utilization
— Make informed asset decisions
— Can be used on existing mines

— Can be used on future planned mines to
simulate resources before committing
capital

www.reliability.com.au
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Other Case Studies

Plant Capacity model developed for new Comalco Alumina
Project to ensure design meets project goals.

Reliability Model being developed for Anaconda nickel
refinery to establish capacity potential.

793B Optimized Maintenance Program Implementation Plan

Using Reliability Data, RCM, and Monte Carlo Simulation to
Improve Shovel Performance in a Large Open Pit Mining
Operation

www.reliability.com.au
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Project Goals

e Predict refinery
availability and
capacity levels

e Test robustness of
the proposed design

© 2006 ARMS Reliability Engineers




Description

e Create a dynamic refinery asset model

o Simulate refinery availability and capacity
over 10 year lifecycle.

« Evaluate various design options to assist
decision making

www.reliability.com.au
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AvSim + Welbull Module

AwSimt - Project : C:\Program FilesiRams\AvSimi8.0Examples\demo?.avs - [WindowWin]

 Either use expert CE T — 2
knowledge capture or ™
real data to describe

failure characteristics
 Weibull module e
Converts Time to s
Failure data to failure e

5N ] | E Netwmksll Fault Treas " Weibull Analysis |ﬂ Resu\ls|

11578 | | |AvSiet VBO VALVES 2005401
7Y
564

1
2
g
4
5 |00
B
i
i
g

Cumulative Probahility Graph

5965.02
b005.82

2-Parareter Weibull
(‘ FtE
" o] £ Lew
‘17 o
70
E T | Emmeme e e B — PR
1]
J’ Bl 43601

Unreliability (%)

forecasts o

0
0z

— Provides an Audit trall 7

01
109663 298096 810308 220265 598711

Time

1
1
1
1
1
1
1
1
1
1
i
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
i

=

— Path for keeping model :

Reay [

dynamic once in service s g e | P Bl

www.reliability.com.au

© 2006 ARMS Reliability Engineers



RELIABILITY ENGINEERS

e Project Summary

Pipe & instrumentation
diagrams to model
configuration.

Failure & maintenance
data gathered from “best
source”.

Create AvSim model
Run simulations

Evaluate and test “What
If” scenarios

Digestion Example

www.reliability.com.au
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Digestion Example

CAP DIGESTION, AREA 240
. S FROM HIDi»Jﬁ 77777777777 : FROM GRINDING

FROM EVAP T | i
BAUXITE
== | swrry  AREA 230
| | STORAGE

DIGESTION 2
LIQUOR TANKS

— Digestion equipment
— System logic paths
— Capacity 58 |5

DILUTION

TO CLARIFICATION 5 min

— Standby or surge §
arrangements e

i

Qf

COND COND
BACK TO BACK TO
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Total Refinery Capacity — Ten
Year Period

e Total Refinery
Capacity

— All shutdowns, T [

failures and planned | Bl W

Capacity Profile
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Kennecott Utah Copper /
Mine and Concentrator Maintenance \

www.reliability.com.au

Using Reliability Data, RCM, and Monte Carlo
Simulation to Improve Shovel Performance in a

Large Open Pit Mining Operation

Lynn D. Nelson

Reliability 2003
Gold Coast, Queensland, October 9, 2003
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P&H 4100A Electric Shovel

Caterpillar 834B
Rubber Tire
Dozer




4100A Results, Do the Right Things for the

28



Program Implementation Plan




Optimsing Maintenance anc
Avallabllity thru Lifecycle Simulation.

Optimum Age to Maintain ?
Maximum Production Capability?
Replace versus renew?
Maintenance budget-am | spending
too much?




Mining Industry

Profile of Users
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BHP Billiton







Copper and Gold Mines
















