
ADVANCED LIFE-CYCLE MANAGEMENT PLANNING

Building Confidence in the Future

When asked, many nuclear utility executives say their organizations develop effective life-cycle 

management (LCM) plans. However, a somewhat different story emerges from industry data. An analysis 

of Institute of Nuclear Power Operations (INPO) findings on areas for improvement in equipment 

reliability showed almost 25% were LCM-related. LCM is not new to the nuclear industry, but successful 

implementation appears to be a struggle for many plants. How did the industry get to this point, and what 

can be done to fix it?

Typical Life-Cycle Management Planning

As defined in the nuclear utility industry’s Equipment Reliability Process Description (AP-913), LCM is

the process for analyzing major asset service life, such as for turbines, generators, reactor coolant 

pump motors, the emergency diesel generator system, and so forth and includes the following:

•	 detailed technical analysis

•	 financial analysis, such as net present value

•	 interface with business planning to approve funding

The definition of “major assets” will be based on thresholds set at each utility. This definition will 

vary from one organization to another and will be based on the business objectives and current 

risk-based focus of the organization. This threshold is normally established in the business planning 

process and will ensure that the level of detail and analysis in the decision-making process will be 

commensurate with the cost and risk of the decision to be made. A successful LCM process is able 

to obtain the funding required to support LCM activities when needed.

LCM plans serve to identify work scope prior to maintenance outages, establish appropriate long-term 

planning horizons, create the platform to prioritize expenditures, and determine which projects and major 

expenses merit funding and which can be safely deferred.
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MCR has reviewed LCM plans and LCM planning processes at over 20 nuclear plants. We have found many 

LCM plans are developed without full discovery and integration of all the information needed for success. 

Instead, typical LCM plans only incorporate readily available information, which does not adequately 

capture all the issues at the plant.

We find many LCM plans suffer from these shortcomings: 

•	 Inadequate project identification

The process of identifying major projects is inconsistent across plants and frequently reactive, often due 

to urgent reliability, financial, or regulatory events. These situations tend to become “all-hands-on-deck” 

exercises in which component and system engineers scour their notebooks for any safety, reliability, or 

significant investment issues.

•	 Short planning horizons for identifying reliability and obsolescence projects

Planning horizons are frequently driven by two-year budget requirements and established major 

maintenance projects. While major maintenance project schedules are often populated several cycles 

into the future, reliability and obsolescence projects are frequently limited to the two-year budget, often 

resulting in unpleasant surprises.

•	 Lack of coordination with outage and online work planning

Work planning organizations are normally tasked with identifying outage scope three or more cycles 

into the future and online scope at least one cycle into the future. This responsibility gives these 

organizations (instead of engineers) a role as long-range planners for a nuclear plant, without the requisite 

accountability. As a result, engineers may feel their role in long-range planning is eclipsed by the outage 

scope selection process. 

•	 No reconciliation of project work with plant spending targets

Nuclear plants typically set financial performance goals, which 

translate into specific spending targets for capital and expense 

projects. These spending targets, typically driven by corporate, may 

be as short as two years. A short-term spending target approach does 

not lend itself to the creation of a viable long-range plan. Ideally, long-

range spending targets should be aligned with the work identified 

in each year of an LCM plan, reconciled with corporate targets. We 

seldom see this in practice.

•	 Limited plant health committee input on the plan beyond the current cycle

Plant health committees, plant health working groups, unit reliability teams, and similar committees 

provide decision support when evaluating safety and reliability issues and are intended to support 

equipment reliability processes, including LCM. When project approval processes seem to be ineffective, 

renewed focus on the roles and responsibilities of committees is seen as a quick-fix option. However, 

without a rigorous LCM process, these committees are not as effective as they could be.

A short-term spending 

target approach does 

not lend itself to the 

creation of a viable 

long-range plan.
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•	 Reliance on component-based LCM plans that are difficult to implement

Many nuclear power industry organizations view long-range planning and LCM as processes best 

performed from a component perspective, with the analysis structured around a group or related groups 

of components. However, this creates a mismatch with other plant processes. Plants are not maintained by 

component class. In reality, work is scheduled and assets are maintained on a system-based approach.

Advanced Life-Cycle Management Planning: A Comprehensive Approach

To be successful in LCM planning, the industry needs to embrace an advanced approach built on three 

guiding principles:

Proper accountability. Advanced LCM processes should be driven by system engineers with knowledge of 

operational and work management issues affecting plant assets. System engineers collaborate with work 

management to plan system work windows, drive work through the appropriate approval processes, and 

act as a point of contact for technical project budgeting questions. Component engineer input is solicited 

to ensure cross-cutting component issues are incorporated into the plan.

System-based approach. Advanced LCM processes must be system-

based. A system-based approach aligns with how nuclear power 

plants are designed, constructed, operated, maintained, and regulated. 

For example, final safety analysis reports and technical specifications 

are arranged by safety functions performed by systems. Maintenance 

is scheduled to align with system work windows. This approach 

facilitates meeting system operability requirements, maximizes system 

availability, and ensures the highest-priority work on a system is 

completed first. After organizing by system, additional detail can be 

added to plans by overlaying cross-cutting component considerations, 

based on feedback from component engineers. 

Comprehensive discovery. Advanced LCM processes must strive for complete discovery and quantification 

of all known or knowable issues related to plant equipment. Detailed reviews of work order history, 

operating experience, corrective actions, reliability data, industry notices, vendor information, and so forth 

are required to ensure complete discovery. Once discovered, the risk of failure can be balanced against the 

cost of addressing issues, facilitating value-based decisions on the scope and schedule of future work.

Exhibit 1: MCR’s Advanced Approach to LCM
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regulated.
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MCR’s Blueprint for Advanced Life-Cycle Management Planning 

With these guiding principles in mind, the blueprint for developing advanced LCM plans (as seen in  

Exhibit 1) involves the following steps: 

1) Identify System and Component Assets 
When LCM plans are organized by system, the components of each system must be identified. The 

appropriate LCM threshold must be chosen carefully as component distinctions are not always obvious. 

Major factors to consider are:

•	 Component cost: What minimum cost qualifies a component for inclusion in the LCM plan? What is 
the maximum cost that is appropriate to address in normal work management processes?

•	 Aggregate impact: While the cost of an individual component may be below the LCM threshold, the 
aggregation of components can have a dramatic impact on the station’s budget. A notable example 
is obsolescence of common electrical components.

•	 Failure impact and consequence: Sometimes, relatively inexpensive components have dramatic 
failure consequences and need to be monitored with an LCM plan to ensure reliability.

•	 Finance and accounting constraints: The accounting treatment of major components can dictate 
capital vs. O&M classification and require additional diligence. Components are not always treated 
the same across regulatory regimes (regulated vs. deregulated) and fuel types (nuclear, coal, gas, 
renewables, etc.). The financial size and health of an organization can affect the LCM threshold as well.

2) Analyze Work Management History 
Reviewing work management data helps identify LCM-related issues and future work. Work order data 

is analyzed to identify potential reliability issues. Planned preventive maintenance is reviewed to identify 

major maintenance items for consideration. This analysis creates a baseline starting point for LCM scope 

and schedule.

3) Review Operating Experience and Reliability Data 
Industry operating experience and equipment reliability data further inform the LCM plan. Reliability data 

comes from either in-house performance monitoring or industry databases like INPO’s IRIS (Industry 

Reporting and Information System). This data review step has three key requirements:

•	 Controlled scope of inputs (dates, component level, etc.)

•	 Standardized statistical analysis (software, methods, etc.)

•	 Actionable results (what projects and preventive maintenance items are changed  
or validated and why) 

The findings can be analyzed to show projected equipment failures by system and component. For 

example, in Exhibit 2, failures are trending upward from years 8 to 15. This information can be used to 

identify failure probabilities and determine the best timing of future maintenance.
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Exhibit 2: Illustrative Failure Trends and Distribution

Lower Bound (CI)

0

1

2

3

4

5

6

7

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

A
nn

ua
l F

ai
lu

re
s

Analysis Year

System Failures Over 15 Years

Number of Failures Number of Failures Upper Bound (CI)

Component Failure Distribution

Pumps

Electrical 
Components

Check 
Valves

Heat 
Exchangers

Flow 
Control
Valves

Motors

4) Integrate Asset Analytics to Create a Long-Term System Plan
An LCM plan must be reconciled with station schedules and budget. Plants have finite O&M and capital 

targets. Without a clear picture of LCM cash flow requirements, it is difficult, if not impossible, to plan 

effectively and avoid unpleasant surprises. To avoid this problem, developing yearly cash flows for LCM 

plans is essential. This is completed in four key steps:

•	 Create the basic plan structure by listing major recurring preventive maintenance items

•	 Add planned major projects 

•	 Add discovered items such as new preventive maintenance or projects 

•	 Evaluate the planned cash flows using risk-based analyses and levelize spending
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Exhibit 3 illustrates LCM cash flows for two systems over a 30-year period. In this example, the combined 

capital requirements for Systems A and B peak in year 18, consuming a significant amount of station 

budget. To address this issue, spending can be levelized over the 30-year period. This typically involves 

reviewing projects’ technical justifications and employing cost-risk analyses, resulting in some projects 

being accelerated, delayed, or rescoped.

Exhibit 3: Illustrative LCM System Cash Flow Levelization
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Risk analytic tools can be leveraged to translate failure rates into expected net present value. For example, 

in Exhibit 4, acquisition of a spare motor is valued against the probability of installed motor failure. This 

probabilistic project-specific analysis, coupled with accumulated cash flows of baseline system work, 

forms the basis for evaluating risks and making strategic decisions around large, generational asset 

replacements.

Exhibit 4: Financial and Risk Analytic Tools

Probability Probability
Shutdown 

Consequence: Days 
of Forced Outage

Total 
Shutdown 

Consequence

Expected 
Shutdown 

Consequence

0.005 36 $48.7M $0.2M

0.05

0.045 18 $24.4M $1.1M

0.095 18 $24.4M $2.3M

0.95

0.855 0 $0 $0

1.00 1.00 $3.6M

Motor 1B  
fails=10%

Motor 1B  
fails=10%

Motor 1A  
fails=5%

Motor 1A does  
not fail=95%

Motor 1B does  
not fail=90%

Motor 1B does  
not fail=90%

The sum of the probabilities 
always totals 1.00. 

$3.6M is the expected loss in a single year when  
a spare motor is not available; it is comparable  

in principle to an insurance premium.
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5) Integrate the Advanced LCM Plan with Station Processes 
System engineers need a process to ensure plans are maintained and kept up to date as an integral part 

of the station’s long-range planning. Engineers should understand the review frequency (e.g., aligned with 

budget cycles), what constitutes a thorough review, and what station objectives and key performance 

indicators they support.

The Benefits of Advanced Life Cycle Management Planning 

Advanced LCM planning focuses on achievable goals integrated with station processes to create strong 

and sustainable long-term plant performance. Some crucial, immediately realized station benefits from 

advanced LCM planning include:

3	 Greater confidence in station planning, with no surprises. Instead of relying on emergent projects, 
station work is prioritized and budget is allocated ahead of time with a high degree of confidence 
that nothing was missed.

3	 Better planning for outage and online work. Long-range planning responsibilities are assigned at 
the correct level, interfacing with work management. LCM plans align with online and outage work 
windows, showing a true, executable plan of work.

3	 More accurate budgets and forecasts. The station can use a true bottom-up approach to meet 
spending targets based on a complete body of risk-valued work with financial forecasts extending 
decades into the future. 

3	 More project review rigor and better prioritization. Plant health committees are more effective  
and are integrated with finance and work management.

3	 Transparent long-range station work and spending requirements. The LCM plans facilitate 
longer-term strategy discussions with station executive management. The LCM plans are linked to 
performance objectives and measurable key performance indicators to align business planning  
with the LCM process.

3	 Overall reduction in cost required to operate to end of plant life. Robust business case evaluations 
of major projects help plants reduce project costs by approximately 20%. Fact-based risk valuation 
methods provide additional confidence to executive review team decision making. 

3	 Key knowledge preservation. By capturing decades of experience and knowledge about each 
system, the risk of personnel turnover is minimized. LCM plans keep new engineers focused on  
the right priorities at the right time, serve as education documents for new personnel, and support 
analysis of asset issues into the future.

Second license renewals (also known as subsequent license renewals or LB60, referring to life beyond 

60 years) have implications for long-term strategy and LCM. As shown in Exhibit 5, half of the nuclear 

plants will be operating beyond 60 years by about 2040. A minimum five-year application submission 

window places the bulk of planning needs through the 2040s for most units. Robust LCM plans can be 

used to quickly gain holistic insights into station resource requirements, allowing management to make 
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more informed, realistic decisions concerning these 

generational investments. Strong LCM practices will 

pay dividends long before the 2040s. Our experience 

shows LCM provides significant benefits within two 

to five years. 

Exhibit 5: U.S. Reactors Operating to License Expiration
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As management teams look to run their nuclear plants for the next decade and beyond, effective LCM 

planning will play a key role in their success. A focused effort in developing and maintaining advanced 

LCM plans will ensure their facilities comfortably meet long-term operational and financial goals. 

Creating advanced LCM plans can be time consuming, and it is common for an LCM initiative to linger, 

lose momentum, or place an inordinate burden on system engineers. MCR’s solution uses experts in LCM 

to minimize the time required to create advanced plans and achieve strong engineering ownership. MCR’s 

comprehensive approach to LCM planning builds confidence in the future by thoroughly integrating safety, 

reliability, and cost requirements far beyond traditional planning horizons.

Strong LCM practices will pay 

dividends long before the 2040s.

For further information, please contact:

Tim Schlimpert 
VP, Nuclear Generation 

847-323-0926 • tschlimpert@mcr-group.com

mcr-group.com/nuclear

mcr-group.com
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