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Q4a. Using AAM To Drive 
O&M Decisions

AMPLE
Asset Management Program 

Learning Environment
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Core AAM Program Process Tools

Confidence Level
Rating;

Strategic Validation;
ORDM

FMECA;
Business Risk Exp;
Delphi Technique

Expected Life 
Tables;

Decay Curves

Valuation;
Life Cycle Costing

Root Cause; 
RCM;
PdM;

ORDM

Asset Mgt Plan, 
Polices & Strategy;

Annual Budget;
Renewal Annuity

Condition 
Assessment

Rating
Methodologies

System Layout;
Data Hierarchy;
Data Standards;
Data Inventory

Inventory
Assets

Assess
Condition

Determine
Residual

Life

Determine
Replacement 

$ & Date

Set Target
LOS

Assign
BRE Rating
(Criticality)

Determine
Appropriate
Maintenance

Determine
Appropriate

CIP

Fund
Your Strategy

Demand Analysis;
Balanced Scorecard;
Performance Metrics

Build the AMP

Asset Mgt Plan, 
Polices & Strategy,

Annual Budget
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The AAM Model
C

ontinuous Learning/K
now

ledge M
anagem

ent
“A

A
M

 U
niversity”

Sustained performance @ lowest life-cycle cost
Failure management: capacity, compliance, reliability, renewal, efficiency

“Best Appropriate AAM Practices
Enterprise Asset Management System (EAMS)

AAM Techniques & ToolsAd
va

nc
ed

As
se

t
M

an
ag

em
en

t
Capital Program Management

Project Management
Construction Management

Permit Management

Metrics
Cost control
Reporting

Outcomes management
Corrections & adjustments

CIP
Project
Content

Capital Planning

CIP
Financial 

Model

Final CIP Strategic Business Plan

Workshops

Initial CIP Strategic Business Plan

CIP Execution CIP Control

Operations & Maintenance Program Management
O&M Planning O&M Execution O&M Control

Corrective
- Planned

- Unplanned

Preventive
Predictive

O&M Tactical Plan

Scheduling
Procurement
Materials mgt

Skills teams
Info & knowledge
Continuous improvement

Right work, right time, done right

Recording
Tracking
Costing
Monitoring
Evaluating
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• Renewal:
– Repair – normal periodic maintenance, minor in nature, 

anticipated in the normal operation of the asset; no enhancement
of capabilities; typically funded by operating budget

– Refurbish/Rehabilitation– replacement of a component part or 
parts or equivalent intervention sufficient to return the asset to 
level of performance above minimum acceptable level; may 
include minor enhancement of capabilities; typically funded out of 
capital budgets

– Replace
• Without enhancement – substitution of an entire asset with a new or 

equivalent asset without enhancement of capabilities
• With enhancement - substitution of an entire asset with a new or 

equivalent asset with enhanced capabilities

• Non-Asset Solutions

Definitions



5
PARSONS / GHD

CMMS O&M Triggers

System Architecture/Integration
Data base architecture

Field Interface
Spatial Interface

Input OutputThruput

Citizen Complaints
Supervisor “Drive-bys”
Field crew observations

Work order generation
Crew scheduling
Crew outfitting

Crew performance
Job costing 

Materials managementPM Schedule/run-time triggers
PdM / Condition Based Maint

CMMS
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Key to CMMS Is The Work Order
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What Distinguishes EAMS from CMMS?

CMMS

Work Order 1

Work Order 2

Focus is on the maintenance work 
order and maintenance performance 

for a defined period

Work Order N

Asset Registry

Asset Record 1

Asset Record 2

Asset Record N

Focus is on an asset’s 
performance over its life cycle 

and on aggregate 
performance of asset groups
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…The Asset View
Failure Codes

• Pipe Rise/Joint Offset
1. Minor – not critical
2. Moderate – not critical to flow pattern
3. Significant – possible infiltration source
4. Severe – pipe offset impeded/obstructed flow, probable 

infiltration source
• Pipe Dip 

1. Length 0-10 feet – not critical
2. Length 11-20 feet – causes minor velocity reductions
3. Length 21-30 feet – causes solids to settle in pipe
4. Length >31 feet – can cause significant solids buildup

• Joint Infiltration
1. Slow drip
2. Steady drip
3. Continuous flow – moderate
4. Continuous flow – severe

• Mineral Buildup (at joint)
1. Deposit on wall without any noticeable flow restriction –

not critical
2. 0.25 Reduction in pipe diameter, some flow restriction
3. 0.25-0.5 Reduction in pipe diameter, significant flow 

restriction
4. >0.5 Reduction in pipe diameter, camera unable pass –

severe flow Reduction
• Laterals with Roots (house lateral)

1. Some root penetration – no blockage
2. More established root presence – minimal blockage
3. 0.5 of lateral is blocked – possible infiltration and flow 

restriction
4. Near total blockage – probable infiltration and flow 

restriction

• Joints with Roots
1. Some root penetration – no blockage
2. More established root presence – minimal blockage
3. 0.5 of pipe blocked – possible infiltration and flow restriction
4. Near total blockage – probable infiltration and flow 

restriction
• Pipe Break

1. Minor Break – no structural impairment
2. Break with separation – structural impairment not 

immanent
3. Break with separation/partial collapse immanent structural 

failure
4. Severe breakage requiring immediate attention to 

maintain flow
• Debris Blocking Pipe 

1. Minor debris – minimal flow restriction
2. Moderate debris – minor flow restriction
3. Significant debris – moderate flow restriction
4. Severe debris – near total flow restriction

• Pipe Cracks
1. Hairline no structural impairment
2. Crack with separation structural impairment not immanent
3. Crack with separation/partial collapse immanent structural 

failure
4. Severe crack requiring immediate attention to maintain 

flow
• Lateral protrusion

1. <1" minimal flow restriction
2. >1" moderate but not critical to flow pattern
3. 0.5-0.75 full pipe blocked – severe flow restriction
4. 0.75 full pipe blocked – severe flow restriction

FAILURE MODES  IDENTIFIED & ANALYZED

AVAILIBILITY

DEMAND,
CAPACITY,
QUANTITY

MORTALITY

RELIABILITY,
END OF

PHYSICAL LIFE

COST

PERFORMS OKAY
BUT COSTS TOO MUCH

PERFORMANCE
LEVEL OF SERVICE

COMPLIANCE

Yields

Patterns of Failures Across Assets Over Life Cycle of Each Asset Type
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…The Asset Portfolio View

% EFFECTIVE LIVES

0

250
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750

1000
100%

X X X

XXX

X
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X

X

X

REPLACEMENT VALUE (OF PORTFOLIO)

DISTRIBUTION OF
ASSET CONDITION

MEAN ASSET
CONDITION

MINIMUM ASSET STANDARD

% OF ASSETS
BELOW STANDARDS

EXCELLENT

POOR

C
O
N
D
I
T
I
O
N

0% 50% 75%25%
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…The Asset Portfolio View
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The Evolution of 
Maintenance Techniques

• Maintenance:
Ensuring that physical 
assets continue to do 
what their users want 
them to do

• Reliability-centered 
maintenance:
A process used to 
determine what must 
be done to ensure that 
any physical asset 
continues to do what 
its users want within 
its present operating 
context

1940 1950 1960 1970 1980 1990 2000

1st Generation
• “Fix when broke”

2nd Generation
• Scheduled overhauls
• Systems for planning 
and controlling work
• (Big, slow) computers

3rd Generation
• Condition Monitoring
•Design for reliability 

and maintenance
•Hazard studies

•Risk
•Failure modes and 

effects analyses
•Small, fast computers

•Expert systems
•Multitasking and work 

teams

Mourbay; Introduction to Reliability-centered Maintenance
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“Cost-Compression” Strategies:
Asset Life-Cycle Timeline

Time

Failure
Occurs

Failure
Reported

Repair
Scheduled

Parts, Manuals
& Tools
Located

Repair
Initiated

Service
Restored

Vibration
X Oil

X
Audible Noise

X

Tactical Heat
X

Predictive Maintenance
Condition Based Strategies

2 Corrective Maintenance
Reactive Based Strategies

3

Preventive Maintenance
Time and Usage
Based Strategies

1

X
X

P
er

fo
rm

an
ce
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Cost Compression Strategies & Tactics –
The Maintenance Toolbox

Core Strategies
Total 

Productive
Maintenance

Reliability
Centered 

Maintenance

Zero
Breakdown

Maintenance

Operational Tactics

Failure
Lead-Time
Analysis

Design
Reliability
Analysis

Asset
Condition

Assessment

Maintenance
Prevention

Early
Equipment

Management

Accelerated 
Deterioration
Elimination

Infrastructure,
Equipment, &
Component

Standardization

Design 
For

Serviceability

Commodity
Configuration
Management

Demand
Criticality

Classification

Location
Failure

Analysis

Standardized 
Failure
Codes
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Total Productive Maintenance
• Embraces both asset design and maintenance
• Goal is to maximize Overall Equipment 

Effectiveness (OEE), where:
OEE = availability x performance efficiency x “first-time-

through” quality
• Focuses on developing a comprehensive asset 

management plan for each asset for the life of 
the asset

• Ties maintenance objectives to the value chain 
(set-up time, lack of materials, poor quality, 
equipment functional failures, etc.)
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Reliability Centered Maintenance –
The Seven Fundamental Questions 

1. What are the functions and associated 
performance standards of the asset in 
its present operating context?

2. In what ways does it fail to fulfill its 
functions?

3. What causes each functional failure?
4. What happens mechanically when 

each failure occurs?
5. In what way does each failure matter?
6. What can be done to predict or prevent 

each failure?
7. What should be done if a suitable 

proactive task cannot be found?

Techniques:

Functions and 
performance 
standards

Functional 
failures

Failure modes

Failure effects

Failure 
consequences

Proactive tasks
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Reliability Analysis –Failure Curves 
The Six “Generic 
Failure Patterns”

Reliability Analysis
“The probability that a 

component or system will 
perform its specified 

function for the specified 
period under specified 
operating conditions”

Time

# 
of

 F
ai

lu
re

s
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Failure Mode Drives Decision-Making

Identify Most Appropriate Treatment               
Option For Business In Total Life Cycle Terms 

Identify Failure Modes

Levels Of Service
Quality 

Mortality
Risk

CostAvailability/
Capacity

Assess Consequence of Failure On Customers / 
Community

Determine Treatment Options Available To Reduce
Consequences Of Failure

Cost
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Making the Business Case Starts With Failure 
Mode and Risk/Consequence Analysis

FAILURE MODE/S - IDENTIFIED

AVAILIBILITY

DEMAND
CAPACITY
QUANTITY

MORTALITY

END OF
PHYSICAL LIFE

COST

PERFORMS OKAY
BUT COSTS TOO MUCH

PERFORMANCE
LEVEL OF SERVICE

RELIABILITY

DEMAND 
EXCEEDS
CAPACITY
( SUPPLY )

DEMAND  INADEQUATE 

UTILISATION OF ASSET
IS POOR

FAILS TO MEET
LEVEL OF SERVICE OR
STANDARDS REQUIRED

HIGH COST OF SERVICE
NON PERFORMING 
ASSET
( FINANCIALLY )

ASSET
• AUGMENTATION
• NEW ASSET
• DEMAND 
• MANAGEMENT

ASSET
• DISPOSAL
• RATIONALISATION
• INCREASE INCOME
• CONTINUE SUBSIDY

TR
EA

TM
EN

T
EF

FE
C

TS
M

O
D

ES NON PERFORMING FINANCIALLY
TECHNICALLY INEFFICIENT OR
OBSOLETE.HAS POOR UTILISATION
AND DERIVES LOW INCOME / INCOME

• HIGH MAINTENANCE AND / OR
OPERATING COSTS

• HIGH DEPRECIATION
• FUTURE LIABILITIES ETC

• RATIONALISATION
• DISPOSAL
• OPTIMISED RENEWAL
• LOWER LEVELS OF SERVICE

RESPONSE TIMES etc

• IMPROVE  MAINTENANCE
• REDESIGN                            
• REHABILITATE
• REPLACE / DISPOSE
• LOWER SERVICE LEVEL

ASSET IS
UNRELIABLE AND
INTERUPTS SERVICE
DELIVERY TO
UNACCEPTABLE LEVELS

HIGH NUMBER OF
FAILURES IMPACTS
ON CUSTOMERS.
POOR LEVEL OF SERVICE

ASSET STILL
PERFORMING
ADEQUATELY
BUT FAILURE
LIKELY

LOSS OF SERVICE
IMPACT DEPENDENT
ON DIRECT / INDIRECT
CONSEQUENCES OF FAILURE

• COMPLETE RISK
ASSESSMENT

• COMPLETE ORDM
• IDENTIFY OPTIMISED          

RENEWAL

FILTER ON TOTAL CONSEQUENCES OF FAILURE COSTS TO BUSINESS
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Zero-Breakdown Maintenance

Strategies are deployed over four phases:
1. Reduce variation in failure intervals
2. Lengthen equipment life
3. Periodically restore deterioration
4. Predict equipment life from its condition
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Zero Breakdown Maintenance
Comprised of six core strategies:

1. Eliminate continuing deterioration by establishing basic 
equipment conditions.

2. Eliminate continuing deterioration by complying with conditions 
of use.

3. Restore equipment to its optimal condition by restoring 
deterioration

4. Restore processes to their optimal condition by abolishing 
conditions that cause accelerated deterioration.

5. Lengthen equipment lifetimes by correcting design weaknesses.
6. Eliminate unexpected failures by improving operating and 

maintenance skills.
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Reliability-Driven AM Process

Work 
Identification

Work
Planning

Work
Execution

Work 
Scheduling

Follow-up

Continuous
Improvement 

Loop

Sustained 
AMORe 

Loop

Performance 
Analysis

Link Reliability Driven 
AM Strategy to 
Business Goals

Identify Physical 
Assets 

Contributing to 
Goals

Prioritize Assets 
by Criticality / 
Relative Risk

Establish Targeted 
Performance 
Requirements

plan improve

assess

control
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3 Fundamental Maintenance Strategies
1. A zero-based maintenance strategy is one in which no 

maintenance is undertaken other than statutory or breakdown 
maintenance. This strategy may be appropriate for assets that 
are to be replaced, refurbished or disposed (“run to failure”).

2. A preventative maintenance strategy is where maintenance is 
undertaken at predetermined intervals (based on time or usage) 
for technical, statutory or reliability considerations. 

3. A pro-active maintenance strategy is driven by a systematic 
inspection process. Maintenance actions are undertaken based 
on the condition of the asset and on its criticality to sustained 
performance. Inspection intervals vary with the nature of the 
decay curve.
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Failure-mode Based Management 
Logic

Some 
failures

Are 
significant

Some of 
these

Cannot be 
prevented by 
maintenance

Redesign, replace
overhaul

Program these
for

maintenance

Repair
failures &
monitor

Are not
significant

Can be 
prevented by 
maintenance

Is preventive 
maintenance

effective?

Run to failure,
repair

Yes No
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Vibration Analysis - The Vibration 
Profile
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Power Evaluation
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Identification

Typical 
Infrared 
Report 
Sheet

IR View 

Visual

Severity Code
Component
Temp

Remarks
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Alignment Inspection and 
Correction Data

• Coupling Failure
• Bearing Failure
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Machine Performance Tests

• Full 
hydraulic 
testing of 
selected 
machines

• Conforms 
to factory 
test 
curves?
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The Status Sheet (Summary)

Overall condition

Picture of machine

Description

All Nameplate Data

Electrical Data

Elect. And Thermal Remarks

Vibration Data
Mech. and Phys. Remarks

Alignment DataConditions
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Equipment Status List

Severity
Color
Code



31
PARSONS / GHD

Graphic Summary - All 
Machines
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Condition-Based Maintenance

P
er

fo
rm

an
ce

Time

Failure
Occurs

Failure
Reported

Failure
Reported

Repair
Scheduled

Repair
Scheduled

Parts, Manuals
& Tools
Located

Parts, Manuals
& Tools
Located

Repair
Initiated
Repair

Initiated

Service
Restored
Service

Restored
Vibration

X Oil
X
Audible Noise

X

Tactical Heat
X

Predictive Maintenance
Condition Based Strategies

2

Vibration
X Oil

X
Audible Noise

X

Tactical Heat
X

Predictive Maintenance
Condition Based Strategies

2
Predictive Maintenance

Condition Based Strategies

2 Corrective Maintenance
Reactive Based Strategies

3
Corrective Maintenance

Reactive Based Strategies

3

Preventive Maintenance
Time and Usage
Based Strategies

1

X
X

Preventive Maintenance
Time and Usage
Based Strategies

1
Preventive Maintenance

Time and Usage
Based Strategies

1

X
X

“Monitoring Interval”

“Nameplate” Data

Vibration
Signature

Thermal
Signature

Electrical
Signature

Performance
Signature

Oil Residue 
Signature

Electro-
magnetic
Signature

Sonic
Signature

+
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Example RCM Analysis on 
Headworks Screen
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Example RCM Analysis on 
Headworks Screen
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Maintenance - Contribution to LCAM 

Plan

Schedule

ExecuteAnalyse

Improve

Design & 
Construction

Dev’t
Design

Abandonment

ORDM

Analysis of Asset 
Performance and 

Maintenance System 
Effectiveness

Identify and 
Define 

Unforseen 
Work

Schedule Asset 
Related Work

Prepare and 
Consolidate Plans 

and Budgets

Review and Update 
Maintenance Strategies, 
Performance, Estimates, 

Reference Plan

FEMCA

Decide on Remedy or 
Improvement (or 
Abandonment)

Preparation of Operational 
Specifications and Procedures, Develop 
Maintenance and Inspection Strategies, 
Prepare Input to Asset Reference Plan, 

Develop Facility Data

Evaluate 
Development Options Maintainability Checks

RCM

27a.20SOURCE: Manufacturing World August 1999
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Q4: Given the above, what are the likely 
changes you would make to your present 

maintenance program?
Work through spreadsheet …
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The Pump Station

Power Pole 
&Transformer 

Wet Well

Pumps

Sump PumpDry Well

Drive 
Shafts

SwitchboardMotors

Inlet Sewer

Inlet Screen

Caisson
Access Stairs

Control
Superstructure 

Power Pole 
&Transformer 

Wet Well

Pumps

Sump PumpDry Well

Drive 
Shafts

SwitchboardMotors

Inlet Sewer

Inlet Screen

Caisson
Access Stairs

Control
Superstructure 
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The Layout View

Power Pole
& Telephone 
Lines

Landscape 
Planting

Lo
ca

l R
oa

d

Incoming Sewers & 
ManholeSecurity Fence

Wet Well

Penstock 

Gantry Crane

Access      Road Dry Well

Force Main & 
Valves

X

Power Pole
& Telephone 
Lines

Landscape 
Planting

Lo
ca

l R
oa

d

Incoming Sewers & 
ManholeSecurity Fence

Wet Well

Control Valve 

Gantry Crane

Access      Road Dry Well

Force Main & 
Valves

X
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Exercise Number 4

Help Tom develop an understanding of the future 
costs of the pump station ..

Using the data provided, :
• Assess the future maintenance impacts in 

column S and apply the change you 
expect..using % shown in column S 

• If you believe they will rise, then reassess the 
residual physical life and give the component a 
new residual economic life…in column T of the 
spread sheet
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Exercise Number 4 Cont. 

Using the data provided, :
• Adopt a renewal strategy based on your best 

judgment using sheet F on the spreadsheet. 
• Estimate the cost of this renewal strategy based 

on your best estimate …( in dollars) 
• The spreadsheet will calculate the date required 

using the shortest of the physical or economic 
lives ..
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Key Lessons Learned

There are lots of ways to renew ( extend the economic 
life) of an asset
We need to think differently …outside our normal box -
our normal culture 
We need good technical and cost data to understand the 
best time to renew
Our CMMS and Work Orders are the heart of any good 
data flow

CMMS – Computer-based Maintenance Management System
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Take home messages 
• Get ‘cracking’ ….( aussie for started)  
• Develop a simple approach like this example and 

get started
• You don’t have to be perfect to be much better 

…(focus on process – data comes later ..)
• We must realize that capital is not free and that 

sometimes more maintenance will be cheaper
• Encourage others to do it …but 

– Don’t try and change the world over night…
– Change your world …


