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The Dynamic Futures for NRC
Mission Areas (2019)

* Increasing the Agility of the
Organization;

e Enhancing the NRC's Strategy,
Governance, and Culture;

e Preparing for Human Capital
Changes;

* Increasing Efficiency Through
Technology;

e Engaging with Future

Stakeholders.

J

NRC's Al Strategic Plan

(2023.5)

« Ensure NRC readiness for
regulatory decision-making.
- Establish organizational
framework to review
Al applications.
* Strengthen and expand
Al partnerships.

« Cultivate and Al proficient
workforce.

e Pursue use cases to build an Al

foundation across the NRC

\_ /




ARTIFICIAL INTELLIGENCE
PROJECT PLAN, REVISION O

. ENSURE NRC READINESS FOR
REGULATORY DECISION-MAKING

« Regulatory Framework Applicability Assessment of Al in
Nuclear Application

- Standard Applicability Assessment of Al in Nuclear Application

- Al Safety and Security Evaluation Framework for Nuclear
Application

- Pre-Application Communication and Planning for Al Submittals

- Develop Regulatory Framework for Al-Enabled Autonomous

Nuclear Operations

[ZX]US NRC (2023)

Artificial Intelligence Project Plan, Revision 0
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NATIONAL Al R&D STRATEGIC PLAN
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Domain Subdomain Application

Maintenance Component-Level Health Monitoring Single-Phase Heat Exchanger

Feedwater Pump-Motor Set

System-Wide Health Monitoring High Pressure Feedwater System

Operation Performance Prediction Power Conversion System

Inherent Safety Response

ARGONNE (2022)
H#AE2 238 ¥ 7% #E2 S

ZABGE A2YW 23

BWR Moisture Carryover

[ ] https://www.anl.gov/nse/ai-ml/applications-examples
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INL/EXT-21-61117

United States Nuclea R},lt»(‘

Protecting People and the Environment

Exploring Advanced
Computational

Tools and Techniques with
Artificial Intelligence and
Machine Learning in
Operating Nuclear Plants
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Date Published: February 2022

Prepared by:
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S. Zhang

M. Xian

A. Mack’

Tldaho National Laboratory
Idaho Falls, Idaho 83415
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John Lane, NRC Project Manager
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DoE/INL x NRC



INL/RPT-22-68942
Revision 0

Light Water Reactor Sustainability Program

Technical Basis for Advanced
Artificial Intelligence and Machine
Learning Adoption in Nuclear Power
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Revision 0

Light Water Reactor Sustainability Program

Explainable Artificial Intelligence
Technology for Predictive
Maintenance
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U.S. Department of Energy
Office of Nuclear Energy

August 2023
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__ Dimension ___________ Descripon _________

Innovation  Does the technology sector have the right
Capacity conditions to support innovation?
(A1)

1 L—- 10O

Human Capital Are there the right skills in the population to
(PIA X&) support the technology sector?

[Z& K] https://www.unido.org/sites/default/files/files/2023-01/Government_Al_Readiness_2022_FV.pdf



Al readiness can be assessed in six areas

[= K] Delloite(2020), ‘Al Readiness

for Government’
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“Al, together with other
technologies, like digital
twins, could decisively
boost the efficiency of
nuclear power production.”

— Nelly Ngoy Kubelwa,
Nuclear Engineer, IAEA

11/3/23

Enhancing nuclear power production
with artificial intelligence

By Wolfgang Picot

rtificial intelligence (AI) holds promising

potential for advancing nuclear energy
production. These sophisticated computer
systems mimic human logic in problem
solving and decision making. With its
capability to enh efficiency,
safety and predictive maintenance, as well as
to optimize processes, Al is already making
strides in some areas of the nuclear field.

Hrall

Alis an term, ing various

models are very powerful, and there is currently
alot of effort to develop new and better tools.”

While generative Al can help with
administrative tasks, as in other industries, its
use in operating nuclear power plants (NPPs)
is not yet possible due to its novelty and
opaqueness; it is not yet entirely understood
how artificial networks function and come to
conclusions. More transparent systems called

1 bl

explai generative Al hold promise for

technologies developed over decades. It
ranges from simple computer programs, such
as spam filters, to more advanced concepts like
machine learning, where computers learn from
past experiences through extensive training
using large amounts of data. With the advent
of highly potent microchips, deep learning,
which involves artificial neural networks
modelled after the human brain, emerged.

Generative Al a subset of deep learning, has
captivated the public’s attention by crafting
original texts, images and videos. It is highly
versatile and can be adapted to many different
functions or activities. “There is legitimate
excitement about what generative tools can
do,” said Jeremy Renshaw, an expert on
technology innovation at the Electric Power
Research Institute, known as EPRI. “Existing

broader use in NPP operations. Developments
towards such AT are underway, and Renshaw is
confident that, when realized, it will allow for
the use of Al in NPPs in the foreseeable future.

Machine learning applications

Machine learning has been applied in the
nuclear industry for some time and has
proven useful in various areas. Operators
leverage machine learning algorithms

for real-time monitoring and predictive
maintenance. The software efficiently
identifies anomalies by sifting through
copious sensor data, allowing human analysts
to focus on potential irregularities. “The
inspector only looks at pertinent data. Instead
of searching for the ‘needle in the haystack’,
we remove the haystack,” Renshaw said.

BULL
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[E K] https://www.iaea.org/sites/default/files/nuclearinnovations_0.pdf
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/O Search this site

|2 Share
Home
Initiatives
publications X3 Send by email Published 10/12/2023

Technical Events
Schools

Al Literature DB
Get Involved!

About us

for partnership on Al e

Al for Atoms: the IAEA’s knowledge-sharing platform for partnership on Al . ..
applications in the nuclear field ¢ o
_|Al for Good : .

[E ] https://nucleus.iaea.org/sites/ai4atoms/SitePages/Home.aspx
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ORGANISATION PARTNERS TECHNOLOGY

Ce Artificial Intelligence for Nuclear
L (Technical session)

Date & Venue: Tuesday October 4 at 10:15-12:00, Room Halton, Delta Hotel, Toronto, Canada.

Objectives

The objective of this session was to discuss how new digital technologies like the Artificial Intelligence can help
development of Gen IV reactors. International experts from industry, national labs and regulators were invited to
discuss the following topics:

¢ Understand how best to utilise Al-powered technologies to accelerate and de-risk GIF projects.
¢ What should be the priority for short- and long-term Al strategies?

e Can smaller subgroups be created to collaborate on different subject matters such as: Al security, Al
Ethics, Al for nuclear reactor solutions, Al for asset management, etc?

¢ Understand current challenges (regulatory acceptance, data sharing) and capabilities.

e Share Al success stories / use cases from private and public sector.

Identify collaboration opportunities to share data and develop, train and test Al models.

[ZX] https://www.gen-4.org/gif/jcms/c_207313/artificial-intelligence-for-nuclear-technical-session
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[&X] https://www.gen-4.org/gif/jcms/c_207313/artificial-intelligence-for-nuclear-technical-session

Program and Participants

The session was chaired by Prof. Nawal Prinja which had the following six presentations:

“How Al is empowering the future of UK nuclear industry — A Position Paper " — Caroline Chibelushi, KTN, UKRI
and Al for nuclear (Al4N) group, Nuclear Institute, UK

“Application of Al within data-centric engineering and autonomous systems” — Nigel Tate, Rolls Royce, UK

“The Challenge of Autonomous Operation and Automated Reasoning as an Al Enabler” — Robert Ponciroli, ANL,
USA

“Al-powered Cognitive Search for Information for Nuclear Knowledge Manag " — Thomas Devraj, S & P
Global (formerly | H S), USA/UK

“Develop of the regulation of Al for nuclear applications in UK" — David Smeatham, Principal Nuclear
Inspector, Office for Nuclear Regulation, UK

“IAEA’s role in the deploy t of Al for Nuclear Power” — Aline Des Cloizeaux, IAEA.

Each speaker made a short presentation followed by Q&A session. There was general discussion moderated by
the chair, Prof. Nawal Prinja.
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MILESTONES OF Al

JOURNEY

Milestones on the Al journey

Develop

Translate

Implement

Scale

Understand Al
potential, set
ambition level,
and prioritize
applications

Design and validate
Al initiatives to
confirm costs

and benefits

and establish
governance

Undertake rapid
prototyping and
testing of the Al
applications with
the highest value;
evaluate overall
results

Scale and roll out
proven Al solutions,
addressing technical
and organizational
barriers

Manage Al-enabled
solutions, updates,
and expansion;
monitor results,
adapting as needed

[ZX] Delloite(2020), ‘Al Readiness for Government’




FIGURE 2
Al's nonlinear nature means that agencies can start their Al journey from
any point on the Al ambition curve
High
Transformative
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= STHEE.550 ! Holistic approaches
a. Ing e-'pomt I seeking to transform the
solutions I organization utilizing Al to
_— I enhance speed, efficiency,
Task-based point 1 Process- or problem-focused I and productivity while
solutions typically 1 applications involving 1 enhancing mission success
involving robotic 1 intelligent automation, 1
process automation j engagement and/or insights I
Low
Narrow Broad
SCOPE OF EFFORT

[ZX] Delloite(2020), ‘Al Readiness for Government’
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Strategy 9: Establish a Principled and Coordinated Approach to International Collaboration in Al Research....... 34
Cultivating a Global Culture of Developing and Using Trustworthy Al.............eoiiiiiiiiiiiiiieeicee e 34
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[E ] https://www.whitehouse.gov/wp-content/uploads/2023/05/National-Artificial-Intelligence-Research-and-Development-Strategic-Plan-2023-Update.pdf
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