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ABSTRACT 

Developing an effective scheduled maintenance program 
requires a profound awareness of risk tolerance, dominant 
failure modes, failure symptoms, diagnostic methods, and work 
practices.  Effective PM task selection is hard work.  
Identifying applicable and effective tasks quickly and 
consistently for critical equipment is the first step towards 
reliable, cost-effective operations.  Automating the PM task 
selection process by using relational database software removes 
developmental ambiguity, which speeds up analysis, but poses 
practical problems.  Preventive maintenance (PM) work order 
development can be standardized and automated to achieve this 
objective. 

 
Keywords:  Preventive Maintenance, Reliability Centered 

Maintenance, Computer Software, and Scheduled Maintenance 
 

INTRODUCTION 
Equipment PM task selection in maintenance plan 

development has always been hard work.  Critical equipment 
selection and failure analysis are demanding.  Packaging 
resulting tasks for implementation involves process 
stakeholders and demands even more time.  Task selection 
automation offers many subtle benefits.  These include 
standardization, faster development, better consistency, and 
(most importantly) final tasks that more faithfully identify and 

address analyzed risk and probable failure with justification 
basis.  This paper describes a streamlined Reliability Centered 
Maintenance (RCM)-based PM task selection process, and its 
associated RCMtrim (trim) streamlined analysis software. 

 
Customization and standardization complement each other 

in successful scheduled maintenance programs.  Equipment 
integration during plant design creates the need for system 
analysis.  Manufacturers can readily specify their equipment’s 
maintenance, however, an overall plant PM program must 
consider local operations & work environment, as well as risk.  
Since Manufacturers never exactly know applied equipment 
operating conditions or failure risk, they recommend 
conservative programs directed towards their most critical 
application.  Equipment management strategy runs the gamut 
from “run to failure” to intensive planned maintenance on 
similar installations.  Context and risk acceptance are the only 
variables that explain the differences. Literal implementation of 
Manufacturer recommendations create unwieldy PM programs. 

RELIABILITY-CENTERED MAINTENANCE (RCM) 
In the mid-1970’s RCM emerged as a proven aviation 

maintenance development process that had helped airlines 
improve operating reliability and reduce costs.   RCM has not 
made a smooth transition to other industries, however.  The 



 2 Copyright © 2003 by ASME 

reasons are the inherent complexity of other industrial 
environments, such as electric generation.  Effective task 
selection requires statistics awareness, fundamental engineering 
knowledge, and plant operating experience.  Senior 
maintenance workers become the planners and schedulers who 
select, package, and implement maintenance PM tasks.  While 
their assignment facilitates maintenance implementation, it 
skirts inherently difficult task development and selection 
requirements. 

 

 

Traditionally, planners reviewed plant system equipment 
lists, pulled O&M manuals (opened to “Maintenance”), and 
selected manufacturer-recommended tasks.  Practically, this led 
to unsustainable PM programs.  Just as auto owners haven’t 
literally implemented owner manual PM’s, plants never exactly 
implemented vendor-recommended PM programs.   Resources 
simply weren’t available.  Numerically, for one large 
centrifugal compressor, the manufacturer recommended over 
120 separate tasks!  Rationalized, these shrank to fewer than 
20.  Many could be performed quarterly.   Daily monitoring 

was reduced to a fraction of the 
original time specified.  Audits show 
low PM performance rates (e.g., under 
10%) in fully developed programs.  
Low completion rates are mature 
program characteristics.  

 
This is the traditional maintenance 

PM story, over and over. RCM can 
improve this situation greatly.  What 
causes such huge discrepancies 
between intended and implemented 
PM program scopes?  Most often the 
developers lack the technical skills and 
contextual knowledge to select 
“applicable and effective” PM tasks.  
Craft can readily identify failures, but 
effective PM task selection requires 
technical analysis.  Engineers are 
needed to define dominant failure 
modes, specify objective failure limits, 
and plan tasks that mitigate dominant 
failures. 

 
 “Failure” means any event that 

prevents equipment from fulfilling a 
system’s required functions. 
Preserving critical functions achieves 
operating objectives.  Failures as slight 
as an alarm annunciator or indicator 
lamp out, or as major as a shed turbine 
blade result in functional failures.  
Some failures develop over long 
periods; others occur instantaneously.  

 
RCM captures the design 

engineer’s thoughts.  A designer 
selects equipment to fulfill system 
design requirements, specifying exact 
equipment requirements, redundancy, 
instrumentation, diagnostic methods, 
maintenance, and calibration 
requirements.  The reliability engineer 
must also select PM tasks based upon 
value and risk.  This characteristic 
distinguishes RCM from other 
maintenance program development 
methods.  That explains the difficulty 
encountered in trying to understand 
and apply RCM maintenance selection 

Figure 1 
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principles.  It also explains why RCM can become time 
intensive. 

MAJOR STEPS 
RCM maintenance program development involves three 

major steps: (1) selecting the components that matter, (2) 
selecting the PM tasks in risk context, and (3) packaging results 
for implementation. (Figure 1) 

(1) SELECTING COMPONENTS THAT MATTER 
Components that matter have been called “significant”, 

“important,” “critical,” “essential “ and “key” by various 
program formulations.  This equipment has the potential, 
through single failure, to compromise system operating goals.   
Though terms can vary, single failure qualification is important; 
equipment that can’t compromise system functions in single 
failure drops to a lower status.  It becomes “non-important,” 
“non-critical” or “non-key,” and is addressed by a program of 
no scheduled maintenance, e.g., run-to-failure.  This equipment 
can be safely, cost-effectively maintained upon discovery of 
failure symptoms.  Run-to-failure equipment makes up a large 
population of the equipment in any complex industrial facility, 
and supports a strategy of no scheduled maintenance.  
Engineers should use run-to-failure equipment to their 
advantage building a maintenance strategy.  Taking advantage 
of inherent design characteristics, they reduce maintenance 
costs and improve reliability.  This is the essence of RCM. 

 
Single failure criteria leads to concise critical equipment 

lists.   Excluding non-critical equipment from the analytical 
scheduled maintenance consideration focuses effort onto 
remaining critical equipment.  Critical 
equipment is then assigned risk 
exposure classification of safety, 
operations or cost (SOC).  These 
categories create a system risk profile 
(e.g., an equipment risk exposure list).  
This profile differentiates equipment 
that can benefit from scheduled 
maintenance from that which can’t, 
ranking relative value.  Developing 
this profile is valuable in its own right 
for evaluating failed equipment during 
plant operations.  This profile 
complements the PM plan, providing a 
risk-monitoring guide for workers to 
prioritize failing equipment condition-
directed maintenance.  The profile 
follows the designer’s logical thought 
process providing margin and spares, 
extracting plant design depth for 
maintenance task efficiency.  Depth is 
an asset.  Documenting design depth 
to manage risk exposure is an early 
step in efficient maintenance plan 
development.  (Figure 2) 

 
Effective maintenance programs 

dictate resource scheduling.  By 
focusing on single failures, programs 
avoid the complexities and additional 

resources needed to address multiple-failure chains.  In RCM-
based maintenance programs, scheduled maintenance reduction 
accompanies an obligation to perform emerging condition-
directed maintenance.  Scheduled maintenance discovers 
needed maintenance real-time.  Discovered, it must be 
performed or functional failures will eventually result.  Plant 
PM implementation and condition-directed maintenance 
performance in RCM-based programs must be nearly 100%!  
Maintenance programs can fail by lack of implementation, 
resource allocation, or scheduling as much as fundamental 
strategy weakness.   To reap efficient maintenance program 
design benefits, maintenance performance follow-through is 
necessary.   In short, RCM is not a fickle-minded maintenance 
process.  Follow-through is mandatory! 

 
Critical equipment identification is based upon failure 

effects. Critical equipment failures that affect safety, 
operations, or cost operating goals are ranked mnemonically as 
“S,” “O” and “C.”  This simple coding scheme reflects three 
criticality class’s (excluding non-critical – “X”) streamlining 
forms and reports.   These categories differentiate qualitative 
effects based upon orders of magnitude.  Safety losses are (at 
least) ten times as risky as operational ones; operational losses 
outweigh maintenance costs by another order.  (These 
conclusions - cultural values aside - reflect many case studies 
reducing event consequences to costs!) 

 

Figure 2: System Component Risk Exposure Classification: CD Condensate 
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Sub-classification SOC categories depend on failure 
consequences.  Discussing failure consequences in cross-
discipline groups helps develop equipment risk profiles.  
Discussions capture risks and strategies that improve facility 
operations and maintenance 
understanding.  Analysis 
participants reveal and gain 
fundamental operating risk 
awareness.  Individuals with 
years of common operating 
experience still have different 
failure consequence insights 
and risk perceptions. 

 
Plant owners -- engineers, 

workers, and operators should 
concur on risk exposure 
assessments.  Theoretical 
operating risks are frozen by 
plant construction, providing 
an optimum design baseline.  
Architect-Engineer (AE) 
design descriptions document 
system functions that make 
design failures evident and 
easy to reconstruct.   AE design 
also reveals intended installed-
equipment functionality.  
Hidden maintenance costs from 
unfocused tasks compound 
over facility life.  (Hidden 
maintenance costs are 
embedded in program 
assumptions.)  Making RCM 
pay its way requires realizing 
improved operations.  Keeping 
operational objectives at the 
forefront assures projects are 
completed on-time, with 
immediate payback. 

 
Thumbrules emerge as the process of design guideline and 

other paradigms rediscovery unfolds.  Manual valves, for 
example, usually support maintenance. Manual valve failure 
consequences are typically cost-based.   Manual valves for 
maintenance can be treated as “run-to-failure.”  (Operationally 
critical valve applications typically have automatic operators.)  
This rule numerically reduces coded components for analysis 
review by over 25%.  (Or, for a typical list of 40,000 installed 
components, analysis declines by 10,000 items!) 

 
All rules have exceptions.  One manual valve, for example, 

may be necessary under special operating conditions to realign 
an equipment train.  That valve could be critical!  RCM 
thumbrules improve with each new system analysis, case-by-
case, superseding existing ad hoc PM task selection.  Unique 
design insights are revealed, with more reliability benefit.  

(2) SELECTING PM TASKS 
Components determine the next analysis level – identifying 

dominant failure modes.  Vendor O&M manuals document 

dominant failure modes implicitly with recommended PM 
tasks.  Venders must infer failures that could become dominant 
in their equipment.  They can’t actually learn a facility’s 
operations.  Vender-recommended PM applied indiscriminately 

produces lengthy, enumerative task lists – many of which have 
little direct applicability.  At complex plants, common 
equipment presents low risk based on design redundancy, low 
utilization, and absence of dominant failures over economic 
life.  Eliminating low risk equipment from scheduled 
maintenance consideration early in strategy development, 
before detailed failure modes and effects analysis (FMEA), 
streamlines analysis.   

 
Classifying part failures by failure modes speeds failure 

analysis and simplifies risk assessment.  For example, a pump 
may “fail to start,” “fail to deliver flow at pressure,” or “leak.”  
Several part failures can lead to the same pump failure mode. 
Consider “fails to deliver flow at pressure.”  For a centrifugal 
pump, this mode could arise from worn seals, impeller erosion, 
volute erosion, a single-phased motor or other causes.  A loose 
bearing guide, however, won’t cause “fails to deliver flow at 
pressure.” Many part failures are inconsequential.  
Consolidating part failures into component failure modes 
simplifies system effects analysis performed later. FMEA 
identifies failure modes that can cause system failures.  This is 
a direct FMEA benefit. (Figure 3) 

Figure 3: Generic Template Part Failure Classification by Component Failure Modes 

Part failures, symptoms & 
component failure mode effects 

Component failure modes

Vertical Pump 
Template 
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(3) WORKSCOPES: PACKAGING RESULTS TO 
IMPLEMENT 

A workscope assembles PM tasks for concurrent 
performance. Organizing tasks into workscopes eases 
implementation.  Tasks consolidated into workscopes for work 
orders present fewer demands on the station’s work-order 
system.  (Figure 4)  Many plants assign senior personnel 
familiar with work practices to assign or  “block” PM tasks into 
organized, implementable workscope packages. 

 
In software, grouping of tasks into workscopes must be an 

easy process.  Subroutines must allow efficient blocking and re-
blocking supporting workscope development.  For an auto, this 
would be like shifting “Check brake pads” from the “12,000 
mile” to “24,000 mile” check.  As craft worker and workgroup 
participation increases, the need to reorganize work flexibly 
becomes compelling.  Point and click techniques to reassign 
workscope tasks were developed in RCMtrim automating 
workscope editing. 

FAILURE MODE ASSESSMENT 
Equipment degrades over time by aging as well as random 

deterioration.  Perfect aging is predictable.  Random 
deterioration requires a probabilistic assessment.  Real-world 
behavior falls between aging and random extremes. Developing 
effective PM requires identifying tasks that address dominant 
equipment failure modes.  The reliability engineer must identify 
component failure modes, parts causing failure modes, part 
failure mechanism’s aging behavior and only then -- applicable 
tasks.  (Figure 4)   Applicable tasks must cost-effectively 
address failure.  Failures, to be suitable for preventive 
maintenance, must be reasonably likely, addressable by 

maintenance, and exhibit symptoms discernible with 
commercial technology.  Theoretical failure modes simply 
confuse PM performers.  In fact, PM addressing failures that 
don’t occur in practice, PM tasks that are ineffective, or rely on 
commercially unavailable technology have no practical utility 
in industrial maintenance plans. 

 
FMEA identifies failure consequences. Failure 

consequences determine system effects.   System failure effects 
are more easily discerned displaying component failure modes 
with the system’s functional requirements.  Displays that 
present component failure modes with system effects assist 
selecting critical failure modes.  (Figure 6) 

 
PM tasks must address engineering failure mechanisms – e.g., 
part failure causes.  These are failure processes like stress 
corrosion cracking, fatigue, or material erosion.  Preventing 
crack failures requires reworking cracks when a crack failure 
mechanism like fatigue is present, as an example.   Eliminating 
a failure mode is usually beyond the scope of maintenance.  

Programs need not 
identify root causes 
(although that may help), 
nor need be perfect.  
Often failure modes can 
be managed without 
resolving root cause.  
Eliminating equipment 
failure modes through 
redesign with root cause 
analysis is ideal, but cost 
prohibitive for most non-
risky cost or operationally 
based failures.  Only very 
expensive failures, or 
those based upon safety, 
warrant redesign. 

 
Failure mode 

definition and 
development takes time.  
Studying many equipment 
types and failures over 
years of plant support, the 
authors’ conclude that 
most industrial failure 
mechanisms are well-
known.  The challenge is 
recognizing and selecting 

applicable failure mechanism PM tasks quickly on installed 
plant equipment!  Standard templates (Figure 5) help, 
addressing common components and their parts, based upon 
known failure mechanisms.  Selecting failure modes, critical 
parts, failure causes, and PM tasks in “pick list” format based 
upon underlying engineering fundamentals simplifies analysis. 
Automating rote analysis makes large plant RCM-based PM 
development not only feasible, but also rewarding!  

 

Figure 4: PM Tasks Grouping into Workscopes 
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DIAGNOSTIC SELECTION 
Once a failure mechanism is known, selecting a PM 

technology is easy – if one exists.  Wall thinning warrants 
ultrasonic NDE wall thickness measurement.  Pitting can be 
identified with eddy current testing.  Standardized part-focused 
PM tasks for common dominant failures should be provided.  
Efficient template development identifies dominant failure 
modes.  Providing generic template models simplifies applied 
template development, reducing it to choosing parts, failures, 
and preventive tasks from a pick-list of generic template 
options.   (Figure 6) 

 
Failure symptoms determine on-line condition assessment 

options.  Instrumentation must identify incipient failure.  
Selecting instrument diagnostics requires an equipment expert 
and an instrumentation specialist.  Suppliers provide fault-
identifying instruments, ideally discriminated from “status 
only” ones.  (The latter are run-to-failure.)  Critical fault 
identifying instruments reveal hidden failures, and their risk 
exposure classification corresponds to the risk associated with 
the failure they reveal.  As failure modes, causes, and operating 
symptom understanding grows, designers apply more 
instrumentation and inspection access points to equipment 
design.  Industries that have grown RCM-compliant involve 
designers early to resolve equipment problems.  Design 
improvements that result simplify maintenance and diagnostics.   

 
In contrast, Generation RCM is still relatively new.  

Design features supporting RCM-based maintenance are new.  
Techniques like generator partial discharge monitoring may be 

added as retrofits to existing generators based on value, but life 
cycle costs of these features 
are lowest when they are 
incorporated with new 
equipment. 

 

APPLIED TEMPLATE  
The applied template 

completes failure 
management transition from 
theory to practice.  An 
applied template represents 
real installed plant 
equipment.   Streamlining 
template application reduces 
to  (1) defining installed 
system functions, (2) 
identifying equipment 
providing functionality, and 
(3) applying service and 
environmental factors on 
standard (generic) templates 
by selecting dominant 
failures and associated PM 
tasks.  The result is an 
applied template.  Applied 
templates are based upon 
equipment operating cycles, 
environment, and other 
contextual factors.  Applied 

templates provide traceability, enable re-analysis, and provide 
the foundation for template-based RCM.  Applied templates 
capture actual installed equipment dominant failure 
mechanisms from standard part-failure-task lists, automating 
PM task selection. 

 
An applied template complements its generic counterpart.  

The generic template (similar to manufacturer’s O&M manual) 
provides potential part failures with representative PM tasks.  
This prompts the developer to consider failure effects.  Generic 
template parts, failures and PM tasks can then be selected based 
upon failure mechanisms observed, expected and foreseen in 
light of contextual risk.  (Figure 6)  Risk is probability times 
consequence.  Risk determines the value represented by 
managing any specific failure consequences.  For example, a 
single jet engine plane presents a different risk profile than a 
multiple engine one with the identical engine installed twice.  
PM tasks are likewise selected and performed based upon risk.  
Engine loss in the first context is critical; the second is not. 

 

RESULTS 
Engineers using the RCMtrim streamlined approach 

developed a PM program applying templates for a three unit 
nuclear generating plant on 22 “risk significant” systems, 
including condensate, feedwater, extraction steam, main steam, 
turbine and turbine hydraulic control.  Objectives included 
developing a reliability-based process, identifying single failure 
risks (recommending redesign where appropriate) and 
simplifying PM basis maintenance, while improving plant 

Figure 5: Standard Templates (Selection Drop-Down) 

 Drop-down selection of many detailed, pre-developed standard 
(generic) templates providing common parts, part failures, and PM 
tasks to select for applicable, dominant failure modes. 
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reliability.  (The PM “basis” is the documented justification for 
performing PM.) 
 

Station personnel performed work with contract support.  
System size varied numerically from feedwater (several 
hundred equipment tags) 
to 480V non-Q electrical 
(several thousand tags).   
The process simplified 
traditional RCM using a 
risk exposure profile, 
generic, and applied 
templates.  P&ID drawing 
markups expedited 
critical equipment 
selection.  (Figure 7)  

 
 During work, 

engineers redefined 
original system boundary 
interfaces.  Circuit 
breakers were reanalyzed 
with driven loads.  Risk-
based system boundaries 
simplified AE craft-based 
ones (in the original 
CMMS).  On average, 
60% of reviewed 
equipment became non-
critical.  

 
Risk definition 

evolved during the 
project.  These and other 
process changes demanded database flexibility.  Compared to 
earlier MS Excel spreadsheet-based RCM projects, 
requirements reanalysis work went easily.   Software database 
availability on a local area network improved report 
distribution and review eliminating hardcopy transmittal need.  

 
Project reliability engineers found learning and using a 

relational database challenging.  (MS Access and Excel 
provided database platforms.)  Familiarity with Excel prompted 
spreadsheet format development early in the project. Two 
reliability technicians assisted four engineers with data entry, 
template development and reports.  The reliability technicians 
also coordinated support for other workgroups, especially 
system teams and work planners.  Technicians quickly became 
highly knowledgeable with software risk assessment and 
template application principles.  Intense immersion in the 
processes and software supporting all other participants helped 
develop their expertise.  With their help, assigned engineers, 
the reliability team, and system teams developed preliminary 
system risk exposure profiles.  System teams approved each 
final completed risk exposure profile.  Reliability engineers 
then developed any needed generic templates.  Once developed, 
they applied the generic templates creating applied templates 
by selecting the applicable failure modes and customizing task 
intervals based on failure experience. 

 
 

Spreadsheets were popular and problematic. Popularity 
stemmed from flexibility.  Exporting source records, 
developing data, and re-importing results to the main database 
could be burdensome.  Excel spreadsheets could manually sort 
data but required additional preparation time.  Users could 

manipulate spreadsheet formats, freelancing until data had to be 
(re) imported to the database.  Then records were either 
reconciled or lost.  Manual data effort grew over time with 
external data developer work in Excel and Access.  Inefficient 
work processes froze.  The practical solution was reducing the 
need for external work by improving database utility.  A 
general strategy evolved to perform as much data entry as 
possible directly in the database.  Eventually an external work 
moratorium was imposed. 
 

PM task selection required equipment research and 
knowledge.  Information was developed by interview, operating 
logs review, work orders history reviews, operational events, 
and other performance history reviews.  Engineers (1) 
developed generic templates and (2) applied generic templates 
creating custom applied templates.  Their strategies diverged.  
Generic template application could be summarized by several 
styles.  At one extreme, a new generic template was created for 
each new component.  The other extreme covered all 
components with one very general generic template.  
RCMtrim database software accommodated either style.  
Balancing detailed, customized templates (at the cost of 
generality) against many specific applications of very general 
generic templates (with extensive customization at application) 
was tedious.  A custom generic template could be applied with 
less effort, but had less overall utility.  A more generic template 
required more customization during application.  Subroutines 

Figure 6: Applied Template Part-Part Failure-PM Task Selection Boxes 
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were developed to speed template customization at generic and 
applied levels. (Figure 8) 

 
Most engineering time was spent performing system 

analysis.  For each system, a lead reliability engineer learned 
the system. Familiarized with the functions, equipment, 
flowpaths, and history they developed a draft system risk 
exposure equipment list.  The approved risk exposure list 
allowed template application.  Template application began with 
a source generic template.  A new equipment encounter might 
require a new generic template to initiate the template 
application process.  When this occurred, one had to be 
developed.  Subroutines extending existing templates to new 
designs sped new template development.  An existing 
“diaphragm operator” template could be copied and edited to 
create a “cylinder operator” in lieu of building the cylinder 
operator template entirely from scratch. 

 
Production required overcoming two limiting factors.  

First, engineers lacked practical RCM experience.  They found 
it hard to focus on critical equipment applying templates.  Like 
manufacturers, there was the temptation to address all failure 
possibilities with PM tasks, whether or not analysis indicated a 
task was required based on dominant failure modes.  Second, 
database utilities to simplify work, support analysis, and speed 
RCM processes had to be improved.  Template dominant 
failure modes needed consideration in terms of system 
functions and functional failures selecting tasks to apply.  
Template application engineers and analysts needed help to 
select dominant failure mode parts quickly, streamlining 

template application.  
Many software displays 
(as MS Access “forms”) 
were built and modified, 
expediting selection 
results.   
 

Preliminary 
analysis, the assignment 
of equipment 
component risk 
exposure, required 
about half of the total 
effort.  Development 
and tuning applied 
templates into final 
equipment scheduled 
maintenance plans 
reflected the balance.  
Template application 
included system failure 
review details, which 
varied depending on 
system, failure and 
detail level sought.  
Process changes, group 
discussion, comments 
and rework diminished 
steadily throughout the 
project.  Several rework 
stand-down periods 
incorporated lessons 

learned, improving the core process while standardizing results. 
 
During the course of work, turbine trip challenges fell, 

reflecting increased awareness.  Unit trip experience 
approached “breaker-to-breaker” perfect performance.  Actual 
measured reliability steadily improved even before final RCM 
PM task workscopes implementation.  A fair question asks, 
“how could RCM analysis have caused plant operations 
benefit, then?”  The answer, we believe, is that it didn’t, 
directly.  During the analysis period, however, operating and 
maintenance staff reliability awareness, methods, strategies, 
and concepts improved across the board as a result of 
participating in the project.  These new skills in plant daily use 
yielded the preliminary gains.  It’s anticipated that the 
continued automation of the PM task selection process will 
further improve plant performance with basis and cost 
efficiencies. 

 

CONCLUSIONS 
RCM is an effective process to develop generating plant 

PM, improving reliability with limited resources.  Maintaining 
a simple process, avoiding extraneous details, controlling 
rework and limiting reviews are necessary to achieve 
immediate RCM benefits.  Software like trim is essential to 
streamlined RCM application.  Streamlined, the RCM process 
becomes accessible and useful to many more users.  Benefits 
occur in part from general site reliability awareness, in addition 
to direct PM improvements. 

Figure 7: P&ID Drawing System Criticality Analysis by SOC Marked Up 
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Cost effective RCM is streamlined.  Automated processes 

help achieve streamlined RCM.   Station engineers learn RCM 
through analysis.  As they do, user and reviewer productivity 
and consistency improve.  Typical engineers have difficulty 
manipulating RCM database software.  This reflects computer 
database literacy in an aging workforce.  The full spectrum of 
RCM principles available must be learned through experience 
and performing analysis.  Effective software enables 
inexperienced RCM analysts and engineers to perform 
necessary RCM steps, without burdening the process artificially 

in ways that impede expert use.  RCMtrim software 
familiarity improved with training and repetition during this 
project.  Technicians were effective developing failure 
statistics, but failure mode definition and interpretation required 
engineering.  The learning period for RCM project performance 
was intense.  Most participants were “forty-ish”, and required 
special training.  Those who had prior MS Access and 
network experience before the project -- the technicians -- were 
confident with the software tools available and became 
productive users quickly. 

 
Work methods ideally freeze before a project starts.  If 

methods change, rework will be needed.  In this case, learning 
justified rework, was a project objective, and process evolution 
was assumed.  Growing pains to keep software and processes 
matched were evident as work ebbed and flowed. 

 
Engineers and analysts became effective discriminating 

failure modes and consequences.  They debated failure 

classifications, occasionally with intensity.  Capturing 
operational details in the basis lead to widespread recognition 
of hidden failures -- a significant project reliability benefit.  
Reliability discussion intensification over the project reflected 
reliability awareness and skill improvement. 

 
Upon completing analysis, electronically uploading 

analytical results to the CMMS had been a goal.  
Organizational barriers precluded this during the project.  
Different workers, process ownership and technology 
challenges led to impasse.  These still await resolution.  

Importing revised PM 
workscopes into the CMMS 
was demonstrated, with 
potential for closing the loop 
(in the future) providing the 
living maintenance program 
concept. 

 
Plant design awareness is 

cultural.  Few individuals know 
designs completely.  
Organizations share collective 
design awareness.  Reliability 
awareness at the individual 
level must improve to 
successfully improve plant 
reliability.  Specific tools – like 
RCM, provide the means to 
achieve that end. 

NOMENCLATURE 
Reliability Centered 

Maintenance (RCM), 
Scheduled Maintenance, 
Preventive Maintenance (PM), 
Corrective Maintenance, 
Critical (important, essential, 
significant, key), Run-to-
failure, Condition-directed, On-
condition, Coded (tagged), 
Work Order, Workscopes, 

Basis, Equipment Partition, Nuclear Steam Supply Systems 
(NSSS), Functions, Failure, Failure modes and effects analysis 
(FMEA), Failure mechanisms, Failure Mode, Dominant Failure 
Mode, Operational (Production), Root Cause, Architect 
Engineer (AE), Applicable (task), Effective (task), Equipment 
(Components), Safety Operational Cost (SOC), Task (PM task), 
Computerized Maintenance Management System (CMMS), 
Blocking (Workscopes), Hidden maintenance, Template, 
Applied Template, Database, View (Form). 
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Figure 8: Generic Template Copy (Cloning) Subroutine 

The utility enables the user to make an exact generic template 
copy, for editing.  This allows a nearly identical component to 
be quickly modeled & customized as a new template for 
future repeated applied template creation.

Available 
template 
models 
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James Clerk Maxwell, the great Nineteenth century 

physicist, modestly said that he achieved great things because 
he stood on the shoulders of giants – alluding to Isaac Newton, 
Leibnitz and other early mathematicians & physicists.  Previous 
power plant RCM program & software development efforts 
provided this one’s foundation.  Names are hard to recite, but 
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