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Optimizing Asset 
Management Strategies 
in the Mining Industry.
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Project Goals

• Simulate various 
mining strategies

• Make informed 
asset decisions

• 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

• Reliability block diagrams
• Models asset aging and failure 

characteristics
• Predicts system and component 

availability, capacity and spares
• Monte-Carlo computer simulation

AvSim +: Availability Simulator Software
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Open Cut Coal Mine Example

• Systems
– Overburden removal
– Coal removal
– Coal handling and 

preparation



6

© 2006 ARMS Reliability Engineers

Open Cut Coal Mine Example

• Overburden removal
– Drills
– Draglines
– Face Shovels
– Overburden trucks
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Open Cut Coal Mine Example

• Drills
– Drill 1 60% capacity
– Drill 2 60% capacity
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Open Cut Coal Mine Example

• Drill Failure Data
– Weibull distribution
– Eta = 100 hrs
– Beta = 2 (wearout)
– Gamma = 2190 hrs
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Open Cut Coal Mine Example

• Drill Corrective 
Maintenance Data
– Repair time=24 hrs
– Spares & Labour 

defined
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Open Cut Coal Mine Example

• Drill Planned 
Maintenance Data
– Task time=12 hrs
– Spares & Labour 

defined
– Interval=2190 hrs
– Opportune Maint.
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Open Cut Coal Mine Example

• Drill Capacity 
Results Over 10 
Years

– Mean capacity=99.5%
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Open Cut Coal Mine Example

• Drill Unavailability 
Results Over 10 
Years

– Mean unavailability 
per drill=0.5% over 
10 years
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Open Cut Coal Mine Example

• Drill Lifetime Costs 
Over 10 Years

– Lifetime Cost=$62k
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Open Cut Coal Mine Example

• Total Mine Capacity 
Results Over 10 
Years

– Mean Capacity=93.9%
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Open Cut Coal Mine Example

• Total Mine Capacity 
Results Over 10 
Years
– Total Mine Capacity 

Chart
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Open Cut Coal Mine Example

• “What If” Scenarios
– Add spare drill at 

40% capacity into 
the model
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Open Cut Coal Mine Example

• “What If” Scenario -
Spare Drill
– Capacity of drills 

system = 100%
– Total Mine Capacity 

= 94.4%
– Increase total mine 

capacity by 0.5%
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Open Cut Coal Mine Example

• 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



19

© 2006 ARMS Reliability Engineers

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
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Project Goals

• Predict refinery 
availability and 
capacity levels

• Test robustness of 
the proposed design
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Description

• Create a dynamic refinery asset model 

• Simulate refinery availability and capacity 
over 10 year lifecycle.

• Evaluate various design options to assist 
decision making

www.reliability.com.au

FOR MORE INFO...
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AvSim + Weibull Module

• Either use expert 
knowledge capture or 
real data to describe 
failure characteristics

• Weibull module 
Converts Time to 
Failure data to failure 
forecasts

– Provides an Audit trail

– Path for keeping model 
dynamic once in service
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Digestion Example

• 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
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Digestion Example

• P&IDs
– Digestion equipment
– System logic paths
– Capacity
– Standby or surge 

arrangements 
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Total Refinery Capacity – Ten 
Year Period

• Total Refinery 
Capacity
– All shutdowns, 

failures and planned 
maintenance

– Overall refinery 
capacity = xx.2%
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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

Kennecott  U tah Copper 
M ine and Concentra tor  Maintenance  
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Weight:
2.6 Million Pounds

Dipper Size:
56 Cubic yards
80 – 85 tons

Power Source:
7200 Volt
3000 KVA Substation

Hoist Power:
3330 H.P.
2625 Amps Stall

Hoist Cable Diameter:
2-3/4”

Crawler Width:
72”

P&H 4100A Electric Shovel

Caterpillar 834B
Rubber Tire 
Dozer
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4100A Results, Do the Right Things for the 
Right Reasons, and Availability will Follow

4100A Fleet AVAILABILITY BY QUARTER
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793B Optimized Maintenance 
Program Implementation Plan



30

© 2006 ARMS Reliability Engineers

Optimsing Maintenance and 
Availability thru Lifecycle Simulation.

Optimum Age to Maintain ?
Maximum Production Capability?

Replace versus renew?
Maintenance budget-am I spending 

too much?
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Mining Industry

Profile of Users
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BHP Billiton

• Qld Nickel
• Angostura
• Cannington
• Pt Hedland
• Mt Newman
• Olympic Dam
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Bauxite ; Alumina
• Comalco Weipa, 

QLD
• Comalco Alumina 

Refinery, QLD
• Qld Alumina,QLD
• Alcan Gove 3rd

Stage Expansion, 
NT

Aluminium
• Comalco Boyne 

Smelter, QLD
• Alcoa Global 

agreement, 
Global

• Alcan 7 smelters, 
Canada
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Copper and Gold Mines

Copper
• OK Tedi, PNG,
• KUCC, USA,
• Equinox, Zam,
• Olympic Dam, SA

Gold

• Freeport, Ind
• Barrick Gold, WA

• Agnu Gold, WA
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Coal

Mines
• Newlands,QLD
• Blackwater, BMA
• Drayton, NSW
• Bulga, NSW
• Yallourn, Vic
• Loy Yang,Vic
• Nth Goonyella,Qld
• Cerrejon, Col.

Coal Handling

• Dalrymple Bay Coal 
Terminal, QLD

• CQPA, QLD
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Nickel
• Qld Nickel, Qld
• Ravensthorpe, WA

Silver and Lead
• Cannington

Zinc 
• Zinifex Global

– Century Zinc, Qld
– Port Pirie Smelter, SA
– Hobart Smelter, Tas
– Rosebery, Tas
– Clarkesville, USA

Mineral Sands
• Hamilton, Vic
• Geraldton, WA.
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IRON ORE
• Pilbara Iron, WA
• Mining Area C, WA
• BHP Billiton, Mt 

Newman, WA
• BHP Billiton, Pt 

Headland, WA
• Mt Gibson Iron, WA
• HWE, WA

Steel
• Bluescope Port 

Kembla, NSW
• One Steel 

Newcastle, NSW
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RIO

• Pilbara Iron, WA
• Argyle Diamonds,WA
• KUCC, USA
• Comalco – Boyne, Weipa, CAR, 


