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Overview

Achieving equipment reliability (ER) requires
identifying and managing risk. Risk-based
processes that identify, select and control high-
risk equipment failures bring focus to high-risk
equipment maintenance. Cost reductions and
improved safety margins can result.
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Nuclear Industry ER Risk Classification

Background
 Good performance
 NRC focus: risk informed
 Though competitive, has high labor cost

Nuclear
 Equipment focus
 AP-913 critical ER categories
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Equipment Reliability Steps

Select equipment
Apply ER process
Standardize methods
Format analytical results for use
Systematize methods
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Risk Classification

Based upon direct failure (SPV’s)
AP-913: eight categories
Approximately three critical classifications
 Safety (S)
 Operations (O)
 Cost (C)

Noncritical (X): no foreseeable direct failure
consequence
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Failure context

Loss of functions
Systems
Direct failure consequences
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Failure-based ER focus
Look like fault

trees
Failure-based ER Ranking

Voting-Ranked Equipment Classification: Appropriate for Q -
treatments

S O O C C C O X X O O O O C C C

S

Component

Parts

Subcomponent

Failure Mode

Component Criticality

A voting scheme assures that safety "Q" equipment
willrecive appropriate treatment in fabrication and

installation to preserve the failure function(s)-- in this
case one (1) in sixteen(16).

Sub-parts

Safety -- S

Operations
(Production) -- O

Cost -- C

No Direct Effect -- X

S - 1
O - 7
C - 6
X - 2

S - 1
O - 5
C - 2
X - 0

S - 1
O - 3
C - 0
X - 0

S - 1
O - 0
C - 0
X - 0

S - 1
O - 1
C - 0
X - 0

Critical Safety
PMs -- 1

Each part failure path
retains its functional failure
identity



8/10/2005
Risk-Informed Equipment
Reliability Risk Ranking 8

Equipment-based ER focus
Critical PRA cut

sets
Component-based ER Ranking

Component-Ranked Equipment Classification: Appropriate for
PM-treatment

S O O C C C O X X O O O O C C C

S

Component

Parts

Subcomponent

Failure Mode

Component-based PM Criticality

Hardware-based criticality assignment elevates PM
treatments to the highest level in the tree -- often safety.
Result: task-heavy, ultra-conservative PM programs.

Sub-parts

Safety -- S

Operations
(Production) -- O

Cost -- C

No Direct Effect -- X

All part failure paths are
treated as if they cause
functional failure

S - 1
O - 7
C - 6
X - 2

S - 1
O - 5
C - 2
X - 0

S - 1
O - 3
C - 0
X - 0

S - 1
O - 0
C - 0
X - 0

S - 1
O - 1
C - 0
X - 0

Treating all failures based upon Equipment Classification: elevates
PM treatments unnecessarily to the component's risk level --

ignoring actual function failure effects!

Critical Safety
PMs -- 16
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Contrasts

(1) Upward vs. downward

(2) Event vs. hardware
(3) Function vs. form

(4) Internal viewpoint vs. external
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Classification Method Comparison

Equipment Based
(1) Hardware focused

 Equipment classification
drives program

(2) Failure chain equivalence
 Equal
 Template source

(3) Scheduled tasks P̶M
 Weighted equal
 Redesign (rarely)

(4) General
 Expertise less important –

common templates
 More work volume

Failure-based
(1) Function-loss risk focused

(2) Consequence based (e.g., risk-
based)
 Dominant/high-risk failures

stand out

(3) Discriminates and prioritizes
failures by consequence
 Focused on scheduled

maintenance results

(4) Contextual (Takes more
technical expertise)
 Focuses work
 Assesses context
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Risk-Based ER Focus Benefits
(1) Develops risk/reliability understanding
(2) Provides more exact work basis
(3) Simple checks & tests increase
(4) Total PM workhours drop

 Eliminate non-critical failure PMs
 Extend critical PM to justifiable, appropriate intervals
 Convert time-based to condition-directed tasks

Reduce costs, while improving reliability
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Management Support Required
Executive Sponsorship
Maintenance planner involvement
Aggressive “can do”mentality
 Avoid compromising fundamentals
 Retain cost focus
 Avoiding bogging on details
 Implement results

Organizational Change Support
 “Uncompartmentalizing”maintenance
 Applying results
 Example: Maintenance performing recommended-delete non-critical PMs

Teamwork
 Build joint engineering/maintenance/operations teams
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Strategy

For credible equipment failure
 Interrupt next fault node
 Use redundancies, margins & instrument/alarms

Options
 Simple checks/inspections
 Discovery tests unveiling hidden failures
 Condition assessment (predictive/diagnostic)
 Replacement/rework (including overhaul)
 Combination
 [Redesign]

In
cr

ea
si
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st



8/10/2005
Risk-Informed Equipment
Reliability Risk Ranking 14

Condensate System Risk Map
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Template
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Partition
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Applied Template Structure: Fault Nodes
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Deliverable: Generator Overhaul WO Tasks
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Challenges

Redundancy
 Handling indirect failure risk with defense-in-depth

Direct risk focus (e.g., SPV’s)
 Maintaining direct failure threat risk focus
 (Ultimately didn’t)

Treated redundancy levels as if they didn’t exist, classifying

Simplicity
 Defining simple risk classification standards: SOCX
 Safety
 Operations
 Cost
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Results

Quick hits
 Quick assessments of likely hitters (expansion joints…)

Non Critical PM WO identification
 Cancellation of many lesser component RT’s
 Status instrument calibrations
 Recognition of tasks better address at point of discovery

Numbers
 65,000 EQID’s
 15,000 critical: approximately 30/20/50 (%-age, SOC)
 450 Master/Normal Model EQIDS with Templates Applied
 60 Templates
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Results

 Culture
Engineering role acceptance
Risk based methods
Streamlining
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Fundamental Lessons

Process speed
 Output lagged expectations
 Details hindered analysis production
 Complex, non-standard risk classifications slowed development

Conservatisms
 Safety-classed equipment maintenance rule interpretation

Possible vs. certain failure cause interpretation
Multiple PM tasks addressing WO’s (non-safety failure risk)

Difficulty
 Developing failure data
 Finding sound PM intervals
 Reducing scope (once complete)
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Conclusions
Risk-based PM development
 Reduces cost
 Improves reliability

Cost-competitive with other ER development
 Same costs for similar project scope as PMO
 Long-term cost-savings much greater
 Reduce costs by reducing over-prescribed work

Substantially exceeds AP-913 requirements
 Supports risk-based operations
 Improves all ER risk management

Though harder to learn and apply, risk-based method
benefits offered are worth it!
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(Supporting Material)
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Component Failure Risk Classification

Hidden?

Start

Primary failure categories for the operating crew --
Evident & Hidden. Hidden failures require special

considerations

Safety? Ops?

Hidden Safety Operational

 Lubrication/
Servicing? (TBM)

 Hidden Only:
Operational/Visual
Check? (OCM)

 Inspection/
Functional Check?
(OCMFF)

 Rework/Replace?
(TBM)

 Safety Only:
Combination?

 [Redesign]

T
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End

Basic Task
Selection

Option

[Evident] [Non Safety] Cost?[Non Operational]

Hidden Task
Selection

Option

Safety Task
Selection

Option

Operational
Task

Selection
Option

Scheduled Mtce Cost Effective

[Not Cost Effective]

No
Scheduled

Mtce

S
el

ec
tio

n
O

rd
er

Backup? NSM

NSM: Use Installed Redundancy

LTA -- Logic Tree Analysis
 How a failure presents itself
 What PM options does that leave?
 [Does a Failure warrant scheduled

maintenance?]
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Critical Equipment Task Selection

Component
Fail Mode

 Lubrication/
Servicing?
(TBM)

 Hidden Only:
Operational/
Visual Check?
(OCM)

 Inspection/
Functional
Check? (OCM/
OCMFF)

 Rework/
Replace?
(TBM)

 Safety Only:
Combination?

 [Redesign]

Ta
sk
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End

Yes

No

Mtce
Controlled
Activities

S
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(1
)

Key Equipment

Non-Key
Equipment

MRule
T/D, $$?

No CRDRs
necessary

Key?

R
C

M
S

co
pe

S
el

ec
tio

n

Lower Cost

Higher Cost

LTA -- Logic Tree Analysis
 How a failure presents itself
 What PM options does that leave?
 [Does a Failure warrant scheduled

maintenance?]
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Effort Breakdown

(1) Classify equipment (risk) 50%
(2) Develop equipment list partition 15%
(3) Apply templates 30%
(4) Generate reports 5%
(5) Interpret results 10%

100%

Classifying risk context allows subsequent template application
and development as an “applied template”
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Cost

Analysis drives ER program development cost
“System study”engineering analysis contributes
significantly (~50% total time)
 Reduced using pre-developed standard rules
 Most significant project cost risk factor

‘Learning’pronounced
 Especially early systems
 Maintaining learning rate requires avoiding rework and
‘reprogramming’
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ER Process

Select functional requirements
Partition equipment
 Develop symmetries; establish components/scope (critical/non-

critical)
Rank equipment (excluding low-risk equipment)
 Based upon credible failures
 Exploits design symmetries

Develop normal cases
as reusable models

Apply templates
 Consider risk
 Use operating context
 Customize application based on context
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Condensate

SG Boiler

Circ Water

Fuel

Feedw ater

Primary

Monitoring

Equivalence Groups Reference
("Same as" the Model Template

Applied )

Covered by
"Associated with "

Equipment

Systems

Condensate

Unit
Equipment

Equivalence Groups

Critical
Equipment

Templates

Applied Templates
Tasks:
selected in (by)

 context
 adjusted for

application

Partition
Breakdow n

Reference Equivalents ~250

Associated ~200

Template Applications ~ 45

Source Templates ~ 25

This equipment w as covered
by about 75 PM model Work

Orders -- about 1.5 per
template
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