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Industry Challenges

» Operating a nuclear power plant at a specific power level requires
over ten times the workforce needed to operate a fossil fuel plant.

— Over 70% of the cost of operating a nuclear power plant is
attributed to workforce.

* Over the past ten years, labor costs have increased more
significantly than energy prices, further straining the financial
viability of these plants

» More recently, new challenges have emerged:
— Retiring skilled staff
— Increased competition for skilled staff replacements

— Increased competition for craft workers across the US
industries, not just in the nuclear sector

— Increased workforce demand to support new reactors.

Supply Demand
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The nuclear power industry's need for skilled
workers is expected to increase, while it is
anticipated that the supply of skilled workers will
continue decreasing



Pathway Objective

Extend life and improve performance of
existing fleet through modern technologies

and improved processes for plant
operation and power generation.

N I +
Improve Enhance Energy Output
Efficiency (increase availability and

capacity factors, and
reduce outages)

+ <
Long-Term Management Nuclear Cost
of Plant Systems Competitiveness N -
Workforce Optimization Modernization and
License extension for Cost pressures from Automation
60, 80, or 100 years other generation sources

We need to move from a labor-centric model to a

technology-centric model.



Focus Areas

* Develop a systematic
modernization strategy driven
by the business case for each
technology.

« Create the necessary
technologies to facilitate
modernization.

« Develop infrastructure for
modernization.

« Optimize the process for
Integrating technology with the
human element.

Key Areas of R&D

Human & Technology

Digital and I&C Infrastructure

Integration

Provides effective integration of plant
personnel and innovative technologies
maximizing efficiency and ensuring no
impact to safe and reliable plant operation

Return on Investment

Develop a sustainable plant
hardware architecture design and tools
that enable transition of legacy analog

equipment to new advanced digital
design, effectively addressing cost,
technical and regulatory considerations

Technology Development

Achieve LWR fleet electric market competitiveness
by transforming the nuclear business model
through business-driven technology and
innovation, to achieve long-term technical and
economic viability

Develop advanced collection,
monitoring, and processing technologies,
displacing a substantial number of
labor-intensive plant support tasks

using process automation



Strategic Approach to Innovation

Challenge: Lack of a process or roadmap for the digital transformation of plants, or business cases for work-reduction opportunities to
foster plant modernization and sustainability.
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Strategic Approach to Innovation

Challenge: Lack of a process or roadmap for the digital transformation of plants, or business cases for work-reduction opportunities to
foster plant modernization and sustainability.

Technical, Economic, Risk, & Adoption (TERA) Assessment

A systematic screening and quantification methodology
for evaluating work reduction opportunities
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Strategic Approach to Innovation

.

Challenge: Lack of a process or roadmap for the digital transformation of plants, or business cases for work-reduction opportunities to

foster plant modernization and sustainability.
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Strategic and systematic planning.




Operational Efficiency Enhancement

Challenge: The analysis of documents for various programs and processes in the plant relies on human and manual efforts and these

efforts represent most of the plant staff’s activities

Work management
automation.

Work Management Process
SR ’."’—’a » .y
ssue |dentifie B
M H 2 i "

Screening Scoping Planning Scheduling Execution Post-Execution
PM Due T
Project Approved
CLASSIFICATION COMPARISON DIALOGUE ESTIMATION GENERATION GUIDANCE
INSERTION REVIEW STRUCTURING SUMMARIZE VISUALIZATION

Issue Identified 1
PM Due
Project Approved

@

(MIRACLE)




ol 1wrs

LIGHT WATER REACTOR
SUSTAINABILITY

\-___

Operational Efficiency Enhancement

Challenge: The analysis of documents for various programs and processes in the plant relies on human and manual efforts and these
efforts represent most of the plant staff’s activities
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Advanced Remote Monitoring

Challenge: Condition monitoring of plant equipment primarily relies on legacy tools and manual trending, which cannot accurately

diagnose and predict equipment conditions. This process is also time-consuming, dependent on manual efforts, and prone to human error.
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Advanced Remote Monitoring

Challenge: Condition monitoring of plant equipment primarily relies on legacy tools and manual trending, which cannot accurately
diagnose and predict equipment conditions. This process is also time-consuming, dependent on manual efforts, and prone to human error.
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Advanced Remote Monitoring

Challenge: Condition monitoring of plant equipment primarily relies on legacy tools and manual trending, which cannot accurately
diagnose and predict equipment conditions. This process is also time-consuming, dependent on manual efforts, and prone to human error.

Maintenance
inspections.




Instrumentation and Control Infrastructure Modernization

Challenge: The current instrumentation and control (I&C) infrastructure is based on outdated analog technologies. It does not support
modernization plans or innovative technologies. Utilities are hesitant to upgrade their existing I&C or data infrastructure.

Obsolescence

analysis.
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Instrumentation and Control Infrastructure Modernization

Challenge: The current instrumentation and control (I&C) infrastructure is based on outdated analog technologies. It does not support
modernization plans or innovative technologies. Utilities are hesitant to upgrade their existing I&C or data infrastructure.

Infrastructure
modernization.
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Human-System Integration

Challenge: Modernization efforts often result in successful pilots that do not necessarily scale up to full implementation in the plant,
primarily due to human factors.

N Frequency Total Duration Digital Workload Reliability Effective

Plant Database Management 4 275 450 2.75 2.75 2.50
Security Rounds 3 467 233 3330 300 267
Operator Rounds, Log Keeping 2 350 450 3.50 2.50 2.50
Security Equipment and Zone 2 4.00 2.50
Dose Recording and Reporting 1 3.00

Testing Process 1 4.00

Plant and Department Meetings 21 3.62 3.67 2.86 2.75 2.52
Action Items Tracking 134 5.37 247 442 3.04 2.86 2.62
Lesson Plan Creation 6 5.33 433 4.00

Plant Radiological Surveys 3 5.33 333  4.00

Sampling and Monitoring 3 5.33 4.00 3.67

Plant Access Processing 4 5.25 350  3.50

Regulatory Interface/Commitment 4 5.25 250  4.00

CAP Program Administration 16 5.19 275  4.63

Job Briefings 13 5.08 231 254

Rad Shipping 4 5.00 400 4.25

Simulation 4 5.00 400 3.75

Employee Observation and Coach 46 4.78 2.67 428

Plant Drawings and References 21 4.76 276 4.14

Work Schedule Use and Update 47 4.55 292 440

Remote Monitoring and Sampling 4 4.50 350 275

Investigation and Evaluation 2 4.50 350 450

Assessment.



Human-System Integration

Challenge: Modernization efforts often result in successful pilots that do not necessarily scale up to full implementation in the plant,
primarily due to human factors.

Develop
Al developed by humans
to complement human

capabilities
o,
Evaluate
Al evaluated by
humans for
correctnessina
continuous loop
Use o}

Al used by humans
ensuring human
control and human

needs are met
o Improved Improved Improved
Reliability Explainability Trustworthiness

Adoption.



Human-System Integration

Challenge: Modernization efforts often result in successful pilots that do not necessarily scale up to full implementation in the plant,
primarily due to human factors.

Optimization.




Recent Efforts Example: Streamline the Licensing
Process

» Accelerate modernization by streamlining the revision
process for plant license documents and technical
specifications, and by assisting in the preparation of
license amendment requests (LARS).

* This research aims to:

— Develop a dedicated large language model (LLM)
capable of understanding technical specifications
and LARs.

— Enable the model to check LARs for completion,
review plant LARs, and eventually generate LARS.

— Expand model use to license renewal.
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Sustaining National Nuclear Assets
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