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Where we are Where we want to be

NuScale (c. 2020) IEPRI suggested cost
$10 million

$500 million .m
EO 14300 mandated duration

Source: https://www.nrc.gov/docs/ML2208/ML22088A161.pdf
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WHY ARE APPLICATIONS SLOW & COSTLY?

= Th e N RC_ Appl i cant Interaction Type Action Type Blocking Issue

interaction is dominated by
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patte rns . 69% No Blocking I Target Agentic
— RAI, Audits, RCI . O s o | [ Workflow
Revise Section Opportunity
22%

= Sankey diagram analyzes [ Clarfcation Request ) Submit Document
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= The analysis shows that 95% -
. . . Source: Current work under a DOE Licensing
of interactions did not have Framework Modernization project.
blocking issues

Needs Code Validation ]
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HOW CAN Al ASSIST?

Current Paradigm
Applicant AT Agent }4—»@4 @«—»{ Regulator AT Agent

Proposed Paradigm

Applicant Applicant AT Agent 4—»4—»‘ Regulator AT Agent

«——>»  Low-latency, negligible cost (Agent-Agent)
«——>  Medium-latency, cost o iterations (Human-Agent)
«<—>»  High-latency, high cost (Human-Human)

= Remove high-latency, high cost per iteration, limiting reaction
» Resolve non-blocking issues for information exchanges using Al agents as intermediaries
= Current result: $28M cost, 15-month timeline (vs.$500M, 7 years)

Source: Current work under a DOE Licensing
Framework Modernization project.
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SYSTEM ARCHITECTURE

= ADAMS corpus can inform

Applicant Private Z
agents & MCP servers NRC Private Zone Shared Zone pplicant Private Zone
required Applicant

NRC Agent System RCP Host
gl ‘y (NRC-Managed Shared Agent System
. Lil:f udes: Infrastructure) P Includes:
e . SPECi:;]:tﬂagge:;ts Central Services: . ;:Liails.on “g‘::‘l
u RCP Used fOf fO rmallZIng * Workflow orchestration * Message Router . DD:::E;:D;;“:“ZD
. . + Context St c
communications between e dockes
external systems ey
) * Document Registry
e Applicant Private
) ) Knowledge I
= MCP used for communication « ADAVS Duabas RCP Protoce] — cross-bounday (Agent Agent) + Design Document
ithi . * Regulatory enis <«——>  MCP Protocol — internal only (Agent-Knowledge) .
within systems: agents to « Internal Analysis Tools ocol ~intemal only (Agent-Knowledge ]
tOOIS * Review Guides * Simulation Models
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PLANT DATA
METL FACILITY AT ANL
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Model-based diagnostics

CAPABILITY

Immune to operating

P Ro AI D point change?

. Physics-based Diagnosis resolved to

diagnosis: - - specific fault?
— Enables detection

Rank ordering of
likelihood of faults?
and diagnosis of Applicable to engineering
?
component and Systems:
sensor faults
— Provides robust
treatment of

Free of need for library
of fault signatures?

Generates virtual
sensors?

Adapts upon dropped

Uncertalnty in the Probabilistic Reasoning Framework in PRO-AID sensor?
reaSOH | ng pI’OCeSS T. N. Nguyen, et al. "A digital twin approach to system-level Yields component
fault detection and diagnosis for improved equipment health performa nce index?

monitoring." Annals of nuclear energy 170 (2022): 109002. :
Supports design of
T. N. Nguyen, et al. "A physics-based parametric regression optimal sensor set?
approach for feedwater pump system diagnosis." Annals of
Nuclear Energy 166 (2022): 108692.
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EXAMPLE RESULTS
SENSOR BIAS INJECTION
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Regulator Agent information-request PUBLIC

Path A

L . ht . ht As part of the review of PRO-AID condition monitoring application APP-2025-METL-001, provide
Ig wel g the SPRT change detection parameters: false alarm probability (o), missed detection probability
(#3), detection threshold, and baseline window size. Reference: 10 CFR 50 Appendix B, Criterion I1I

Exchange (Design Control).

ceieee. Logpedto Context SIFEQIM . ... it ittt aaaaaas

Applicant Agent information-response PUBLIC

PRO-AID SPRT parameters: a = (.01 (1% false alarm), § = 0.01 (1% missed detection), 3o
detection threshold (99.7% confidence), 100-sample moving window (1.7 min at 1 Hz). Per
RG 1.174, these maintain defense-in-depth with 99% detection reliability while limiting false
alarms to < 1/day under normal operation. Ref: Wald (1945), IEEE 603-2018.

cive.. Logeed to Context SIFEaI (... i

Regulator Agent information-request PUBLIC

Follow-up: What are the expected detection times for credible SPS degradation mechanisms (e.g.,
cold trap fouling, EM pump efficiency loss)? Confirm whether the a3 values have been validated
against fault injection scenarios.

ceieen. Logpedito Context SIFEQIM ..o it ittt eiaaaaaaaes

Applicant Agent information-response PUBLIC

Expected detection: cold trap fouling =5 min (gradual drift), EM pump degradation =2 min (step
change in efficiency). Parameters validated via Monte Carlo simulation {10,000 runs with synthetic
fault injection): measured false alarm rate = 0.8% (< 1% target), missed detection rate = 0.6%
(= 1% target). Validation report PRO-AID-WAL-003 Rev. 0 available.

. Logged to Context Stream — Resolved, no furtheraction ... ... .o iiiiiiiaiiiiiian.
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Regulator Agent information-request PUBLIC

Path B

Describe the software verification and validation program for PRO-AID virtual sensor models,
including validation methodology, test data sources, and compliance with 10 CFR 50 Appendix B.
Formal Reference: RG 1.152, Criteria T and XI.

RAI et aiiiiiiiiiiiiiiiiiiiiiiiiiiniiene. Loggedito Context Stream ... ... i iaiaieaaaiaa

Applicant Agent information-response PROPRIETARY

PRO-AID models were validated against EBR-II operational data and ANL sodium chemistry loop
measurements per IEEE Std 7-4.3.2. Formal SRS and SDD documents are under revision (Rev. 2
in preparation). Validation reports and uncertainty quantification analyses are available for NRC
review upon request.

civeas. Loggedito Context SIream .. ... ... o ittt

Regulator Agent information-request PUBLIC

Follow-up: Provide the validation test results for each virtual sensor model, including statistical
acceptance metrics (RMSE, R?, bias) and uncertainty bounds. Reference: 10 CFR 50 Appendix B,
Criterion XI (Test Control).

veviea. Logeed to Context SIFEAM ... ittt ittt st itaaaanennns

Applicant Agent information-response PROPRIETARY

Validation was performed against available operational datasets; however, formal test reports per
IEEE 7-4.3.2 format requirements are not yet complete. Preliminary results show acceptable
agreement but have not undergone independent QA review per Criterion XI. Formal documentation
is in progress.

ceueo.. Loggedito Context Stream .. ... ... s

Regulator Agent rai-content PUBLIC

RAI-SPS-2025-001-Q1: Two information requests have not yielded adequate V&V documentation
per 10 CFR 50 Appendix B, Criterion III. Submit: (a) Software Requirements Specification and
Design Description per IEEE 7-4.3.2; (b) model validation reports with metrics (RMSE, R*, bias)
for cach virtual sensor; (c) uncertainty quantification with propagation analysis per Criterion XI.

ceueo.. Loggedito Context Stream .. ... ... s

Human On The Loop Checkpoint
@u pEPATUENT OF cgonne Notionl Laborotory s o MNRC reviewer confirms RAI technical adequacy and regulatory basis °
ENERGY .2t iticss Rheme 2 before issuance. RAl enters formal docket for applicant response. Argon ne
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(a) Cost vs. automation rate cveq {b) Cost decomposition (moderate)
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CONCLUSIONS

» RCP addresses structural bottlenecks in modern Paradigm  Scenario Cost Savings Timeline Reduction

Cons. ~$73IM 17%
_ _ SA Mod. ~$64M 28%  ~21mo 50%
» For Nuclear Reg. Review, this presents a 65% Opt. ~$54M 38%
compression in time, and up to 77% savings in Cons. ~$44M 50%
labor RCP Mod. ~$28M 68%  ~15mo 65%
Opt. ~$21M T7%

» Adoption requires commitment from industry and
government — political will

= Applied to US regulatory paperwork burden
estimated at $426.5B per year, RCP offers
savings approaching 1% of US GDP
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