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Key Similarities : Key Differences :
- Regulation (Similar regulatory framework) - Size(Reduced capital and siting cost, Faster Deployment)
- Many fundamentals apply to both - Simplicity(Passive safety systems, Potential reduction in staffing)
(“It's still nuclear”) - Reduced regulatory burden (in theory)

Conventional NPP SMR
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Image credit : https://news.mit.edu/2023/study-shutting-down-nuclear-power-could-increase-air-pollution-0410, https://blogs.iadb.org/energia/en/after-the-investment-is-done-fossil-fuel-plants-will-keep-running-for-a-
while/, http://m.dongascience.com/news.php?idx=26273, https://www.bbc.com/news/uk-england-62038190, https://www.greentechmedia.com/articles/read/nuscales-federal-safety-approval-moves-u.s-modular-reactor-a-
step-closer-to-reality, https://www.ge.com/news/reports/blueprint-for-the-world-ontario-picks-ge-hitachi-to-build-new-generation-of-small-nuclear, https://www.wired.com/story/next-gen-nuclear/
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FIG. V-4a. Sweden’s Oskarshamn unit 1 MCR | FIG. V-4b. Sweden's Oskarshamn unit 1 MCR
before modernization in 2003 after modernization

Image credit : Instrumentation and Control (I&C) Systems in Nuclear Power Plants: A Time of Transition - NTR2008 Supplement
RAFIAT X UL (1972)
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Multiplexed Communication, Remote

Image credit : Jessica S. et al, “Small Modular Reactor Control Room Workstation Demo
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Reactor Island Turbine Island Cooling Water Island

Rolls-Royce SMR

Image credit : Michelle Catts, Regulatory challenges arising from an International Market, IAEA TM on I&C, and Computer Security for SMR and MR, February 2022
rolls-Royce-smr.com, Steven Moor, Rolls-Royce SMR, IAEA TM on I&C, and Computer Security for SMR and MR, February 2022
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Image credit : https://www.nuscalepower.com/-/media/nuscale/pdf/fact-sheets/smr-fact-sheet.pdf
https://www.postreqgister.com/news/government/small-modular-reactor-backers-hope-they-can-help-replace-coal/article 17b071dd-49f8-54fb-9a69-af79b2dabb5b.html

http://www.keaj.kr/news/articleView.html?idxno=4039
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Image credit : nuclear.gepower.com & Tony zettel, jyoti bose, sid jani(Alithya), Digital I&C and Technology strategy for small modular reactors, IAEA TM on I1&C, and Computer Security for
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Reprinted from Rodney B., “Instrumentation & Control and Computer Security for SMR/MRs”, Technical Meeting on the Status, Design Features, Technology Challenges and Deployment Models
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April 29, 2018 Docket No. 52-048

U.S. Nuclear Regulatory Commission 3.4.2 Automation Roles
ATTN: Document Control Desk

One White Flint North
11"5955 Rloikvme P?ke Automation plays a key role in the control of a NuScale plant. Beyond controlling plant

Rockville, MD 20852-2738 functions and systems, automation is applied to a wide range of other functions,
including monitoring and notification, situational assessment, response planning,

SUBJECT: NuScale Power, LLC Submittal of “Human-System Interface Design Results response implementation, and interface management. Automation is a critical
Summary Report,” RP-0316-17519, Revision 2 component of the HSI design and supports operators in operation of the plant. Examples
REFERENCE: Letter from NuScale Power, LLC to Nuclear Regulatory Commission, “NuScale of automation as a function of the HSI design are:

Power, LLC Submittal of Third Set of Human Factors Engineering Documentation

for Design Certification Application,” dated December 29, 2016 (ML16364A348) e placing equipment in service, conducting tests, and controlling processes

NuScale Power, LLC (NuScale) submitted Revision 0 of the "Human-System Interface Design Results * automated notifications and recommended seéquences
Summary Report," RP-0316-17619, to the NRC (Reference 1). The purpose of this letter is to submit rf f . . o s f
Revision 2 of the “Human-System Interface Design Results Summary Report” to the NRC. Revision 1 . periormance O sequences not suited to manual operatlon (See dESCﬂptIDI'I 0
of the “Human-System Interface Design Results Summary Report” was not submitted to the NRC. process control roles below)

9

Image credit : https://www.nrc.gov/docs/ML1911/ML19119A398.pdf
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1. What is status of the commercial nuclear power industry development or use of Al/ML tools to

J X'e n er g y improve aspects of nuclear plant design, operations or maintenance or decommissioning? What
tools are being used or developed? When are the tools currently under development expected to

X Energy, LLC be put into use?
" energy 801 Thompson Avenue a. XEnergy, LLC (X-energy) is in the advanced reactor (AR) space, specifically small modular
" Rocﬁ'gglggsz_gggg (SMR) high temperature gas reactors (HTGR). As such, these comments will focus on
possible use cases for the AR community. The AR community is fully embracing Al/ML
21-May-2021 XEOO-R-G17Z-GLZZ-G_001264_Rev 1 technologies for a wide array of applications. Examples include autonomous control
Docket No. NRC-2021-0048 systems, performance monitoring, predictive maintenance, additive manufacturing,

design optimization, etc. Throughout this document, X-energy will provide examples of
U.S. Nuclear Regulatory Commission

ATTN: Mehdi Reisi Fard (Chief, Performance and Reliability Branch, Division of Risk Analysis, Office of applications it is exploring, as well as knowledge of other applications being explored by
Nuclear Regulatory Research) the AR community in general.

Washington, DC 20555-0001 .
b. Nuclear Plant Design

i. Fully Autonomous Control System: The AR community is seriously exploring fully
autonomous control systems. In theory a fully autonomous control system would
be able to handle all modes of operation from startup to full power to shut down.

SUBJ: Response to U.S. NRC Request for Comment, Agency/Docket Number: NRC-2021-0048

"Role of Artificial Intelligence Tools in U.S. Commercial Nuclear Power Operations"

c. Operations & Maintenance — current maintenance practices use many predictive tools
through “rules” and “conditions.” While these rules and conditions can be programmed
into software, they are a translation of expert knowledge into logical statements. The
future of maintenance programs will include truly predictive capabilities, where Al/ML
models can tell an engineer the remaining useful life (RUL) of a component with
guantified uncertainty bounds. These predictions will most likely come from neural
networks trained on operational data.

i. Anomaly Detection — (on-going) using artificial data generated from systems
analysis software, train a neural network to identify anomalies during operation

and classify the type of “Initiating Event.” The Initiating Events come from PRA.
Image credit : https://adamswebsearch2.nrc.gov/webSearch2/main.jsp?AccessionNumber=ML21145A366
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 The NRC is committed to continue to keep pace with technological innovations to ensure the
safe and secure use of Al in NRC-regulated activities.

FAQ | AGREEMENT STATES | FACILITY LOCATOR | WHAT'S NEW | SITE HELP | INDEXAZ | CONTACT US | EMAIL UPDATES

I ‘) ~
. o NRE

f Y INE & oo /s ®m 3}

NUCLEAR REACTORS  NUCLEAR MATERIALS  RADIOACTIVE WASTE ~ NUCLEAR SECURITY  PUBLIC MEETINGS & INVOLVEMENT  NRC LIBRARY pRGlelUlgiizle

Home » About NRC » Plans. Budgets. & Performance

< Navigation Artificial Intelligence
Straiegic Planning

NRC Executive Fleet Vehicle Report

Evidence Building and Evaluation 11;
Project Aim

Avrtificial Inielligence

Becoming a Modern, Risk-Informed
Regulator

Artificial Intelligence (Al) is one of the fastest-growing technologies globally and has the potential to enhance decision-making processes
for the nuclear industry by providing insights into vast amounts of data generated during the design and operation of nuclear Tacilities. As
a result, the nuclear industry has expressed a growing interest in researching and using Al technelegies to improve operational
performance and mitigate operational risk

The NRC is committed to continue to keep pace with technolegical innovations to ensure the safe and secure use of Al in NRC-regulated
H activities.
Spotlight
11

Image credit : https://www.nrc.gov/about-nrc/plans-performance/artificial-intelligence.html
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