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Light Water Reactor Sustainability Program

e Goal

— Enhance the safe, efficient, and economical
performance of our nation's nuclear fleet and extend
the operating lifetimes of this reliable source of
electricity.

* Objectives
— Enable long term operation of the existing nuclear
power plants.

— Deploy innovative approaches to improve economics
and economic competitiveness of light water reactors
in the near term and in future energy markets.

— Sustain safety, improve reliability, enhance
economics.



https://lwrs.inl.gov/

LWRS Program Research Pathways

Plant
Modernization

Flexible Plant
Operation and
Generation

Risk-Informed
System Analysis

Materials
Research

Physical

Security

Enable plant efficiency improvements through a strategy for long-term
modernization

Enable diversification and increase revenue of light water reactors by
extracting electrical and thermal energy to produce non-electrical products

Develop significantly improved safety analysis methods and tools to
optimize the safety, reliability, and economics of plants

Understand and predict long-term behavior of materials in nuclear power
plants, including detecting and characterizing aging mechanisms

Develop technologies and the technical bases to optimize physical
security postures to maintain protection and improve efficiencies



The Challenge
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Plant Modernization

« Extend life and improve performance of existing nuclear
power plant fleet through modernized technologies and
improved processes for plant operation and power

g ene rat| on. Long Term Management Nuclear Cost Worker Attraction
Of Plant Systems Competitiveness and Retention
License Extension Cost pressures from other Worker interest in new
60, 80, or 100 years generation sources technology
Key Areas of R&D
Human & Technology — —_— Digital Infrastructure
Integration
-
=
=
Integrated Operation Data Architecture
for Nuclear & Analytics



https://lwrs.inl.gov/SitePages/Plant_Modernization.aspx

Flexible Plant Operation and Generation

» Develop and support the deployment of technologies to increase the flexibility of nuclear power
plants operation and generation, by diversifying their products and revenue.
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Cement Plants

— Operator control of dynamic power dispatch ;

SSSSSS Wood / Paper Plants

Refineries / Oil Production

Polymer / Chemical Waste

— New communications between the grid
operator and hydrogen plant allow plants to iy st
rapidly transition between the grid market
and hydrogen production.



https://lwrs.inl.gov/SitePages/Flexible%20Plant%20Operations%20and%20Generation.aspx

Risk-Informed Systems Analysis

« Optimize safety margins and minimize uncertainties in nuclear power plants, to achieve
economic efficiencies while maintaining high levels of safety.

— Provides scientific basis to better represent safety margins and factors that contribute to
cost and safety.

— Develops new technologies that reduce operating costs.

* Research areas:
— Advanced modeling of physics-based phenomena, e \\¥ & '
— Advanced Data Analytics and Digital Modeling,
— Probabilistic Risk Assessment, and

Risk-Informed
Systems

— Human-Reliability Analysis. Analysis (RISA)


https://lwrs.inl.gov/SitePages/RISA.aspx

Materials Research Pathway

« Understand long-term environmental degradation behavior and create technologies for their

its mitigation in key materials in nuclear power plants.
* Research areas:

Reactor Pressure Core internal and
Vesse pressure boundary

Mitigation
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* Develop advanced
welding technology,
including laser and
friction stir welding.

» Harvest high fluence
A-60 Palisades
surveillance capsule.

* Assess long-term

thermal aging,
weldment, stress
corrosion cracking
(SCC) of alloys and
materials.

» Develop embrittlement
trend curves.
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» Develop capabilities to
enable large concrete
3D simulations

» Methodologies for
experimental and
predictive assessment
of irradiated concrete.

» Assess cables
materials degradation.

» Thermal aging, ground
fault and water
detection.



https://lwrs.inl.gov/SitePages/Materials_Research.aspx

Physical Security

Create methods, tools, technologies and capabilities to optimize and modernize a nuclear
facility's physical security posture.

— Develop mitigation strategies and enhance the technical basis necessary for stakeholders to
reevaluate physical security postures while meeting regulatory requirements.

— Analyze the existing physical security regime, current best practices, and compare with
alternative/modern methods (incl. advanced modeling and simulation).

Research areas:
— Advanced Security Technologies
— Risk-Informed Physical Security

— Advanced Security Sensor
and Barrier Systems

Force-on-force exercise Visualization for modeling remote
operated weapon system placement


https://lwrs.inl.gov/SitePages/Physical%20Security.aspx

