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Bradley Fox

Automating 50.59s with Al “

(and some other Engineering tasks too)



Nuclearn Quick Intro

- Nuclear Specific Al - Founded 2021 in Phoenix, AZ
- Deployed in 65 + reactors worldwide

- Develop the Nuclearn Platform (Agentic Al Platform with data

T

mgmt, document search/intelligence, hybrid RAG, etc), train our
own models, & run our own physical GPU clusters

- GammaLLM Series- Nuclear LLM & plant specific LLMs

- 80 + years of nuclear power engineering, operations,

maintenance experience

- Automating the issue discovery and resolution cycle
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50.59, 50.65, 50.72/3

How we are thinking about using Al in Engineering, Licensing, et al

50.65 - Determine MRFF status, complete comments.
50.72/3 - Determine reportability and complete form, assist
staff determinations

50.59 - Can it be entirely automated? Can the research be

automated? Is it good enough for use?

Same tech applies to any complex document workflow

(ODMI, Design Eval, etc)
@ Nuclearn



50.59 - Prior NRC Approval?

Simple Workflow, Seems

| want to change my equipment/procedure/anything, do | need to ask first? Eaiy Enough?!
Following stages in NEI 96 -07 to determine { \
(e Aty e K St Eie
Applicability

Determination Screening Evaluation

100x |:> 10x |:> Tx

Al - Al - Al -

Moderate Easier Difficult
Human - Human - Human -
Easy Moderate Difficult
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Maybe just RAG it? With Claude?

Not so fast...

Examples look good on the surface, but the best models still make mistakes

Input: "Do a 5059 screening of: CR-WF3-2016-4009 identified that the Technical Requirements Manual

(TRM) 4.3.4.2.a turbine valve testing, scheduled for 6/17/2016, was not performed due to a MISO
conservative operations notice..."

. 4.2 SCREENING
Even with the best LLMs, Opus 4.1 Output: _ ‘ o
Once it has been determined that 10 CFR 50.59 is applicable to a proposed
/ SCREENING QUESTIONS: \ activity, screening is performed to determine if the activity should be

1. Does the proposed activity result in a change to an SSC that adversely affects an evaluated against the evaluation criteria of 10 CFR 50.59(c)(2).

UFSAR-described design function?
2. Does the proposed activity result in a change to a procedure that adversely affects 4.2.1 Is the Activity a Change to the Facility or Procedures as Described
how UFSAR-described SSC design functions are performed or controlled? in the UFSAR?

3. Does the proposed activity result in revising or replacing an UFSAR-described
evaluation methodology...

4. Does the proposed activity involve a test or experiment not described in the

\ UFSAR. .. /

4.2.2 Is the Activity a Test or Experiment Not Described in the UFSAR?

Problem: This is NOT aligned with NEI 96-07

@ Nuclearn



Digging deeper into NEI 96 -07... Breaking it all out
80 + independent LLM calls to perform AD

Humans are able to simplify 2. Detailed Screening Analysis
complex process, process - : ok

Complexity jumps to make - e
Al work for real I = -
e [ | ) e [ [ (e ) e e [ | e e g | = ==
3. Eight Criteria Evaluation Analysis e = e —————— =

e 20 + steps to perform an
AD

80 + independent LLM
calls

At least as many for
Screening + Evaluation




Actual 5059 is challenging - evaluations are complex.

1. OVERVIEW / SIGNATURES'

Facility: Waterford 3 Evaluation #/Rev. #: 17-01/0

Proposed Change / Document: EC 68581, Evaluation of Reactor Vessel Surveillance and Current

Complex change at WF3 involving License Basis

. —_— Description of Change: CR-WF3-2016-6358 identified that the VWF3 surveillance capsule W-83

neUtron ﬂ uence COde ’ . . neutron fluence was analyzed using the Westinghouse RAPTOR-M3G code, which is not a fluence
analysis method in the current Waterford 3 licensing basis. The analysis results from capsule W-83

ReS po nses to eva | u atl on q u eStI ons req uire were used in the Reactor Vessel Integrity Time-Limited Aging Analysis (TLAA), WF3-EP-16-00001

1 (WCAP-18002-NP), to predict the adjusted reference temperature (ART), upper shelf energy (USE),

com pl ICated con teXt and pressurized thermal shock reference temperature (RTers) for the end of the current license period
(32 effective full power years of operation). Since the analysis of capsule W-83 was required by
10CFR50 Appendix H for the current license period, the ART, USE, and RTprs derived from it should
be incorporated into the current license basis.

The purpose of the reactor vessel! fluence calculation method is to calculate cumulative . . .
neutron irradiation levels to which the reactor vessel materials are subjected. The calculated| <+———— PU rpose W|th OUtS|d e reg u Iat|0n ConteXt
fluence is used as an input for calculating Pressure-Temperature limit curves and predicting
pressurized thermal shock (RTers) and Upper Shelf Energy (USE) fracture toughness-related
screening criteria as required in 10CFR50,61 and 10CFR50 Appendix G, The neutron i I i
fluence calculation methodology described in the NRC Waterford 3 Amendment 196 Safety O UtSId € teCh ni Cal deta Il
kEvaluation Report [Reference 12] for WCAP-16002-NP [Reference 13] and WCAP-16085-

NP [Reference 14] was DORT (Discrete Ordinates Code). WCAP-16002-NP describes the
DORT code. WCAP-16088-NP references WCAP-14040-NP-A [Reference 15] which

DORT code. WCAP-16088-NP references WCAI ; Reference chain of endorsed tech docs
describes the DORT code. WCAP-14040-NP-A is the Westinghouse methodology used to /

develop overpressure system setpoints and reactor coolant system heatup and cooldown
limit curves. WCAP-14040-NP-A has been generically approved by the NRC for

B k=1 TURNIQLUE 1V LIS IS IWSWY a MWl LIS WD al il GWHAIVWT IR TW IS U2 a2 SRNCWINHTW
Westinghouse use. o vy . v

in the SER have been satisfied, and the method has been approved by the NRC.

Catawba Nuclear Station license amendment Safety Evaluation Report (SER) Section 3.2.6
Aascrihes the MEC review and annroval of the nettron flience calcuiation mathond T he MNEI
staff evaluated the RAPTOR-M3G neutron fluence method in accordance with Regulatory Gui
.190 [Reference 6]. The Catawba SER provided criteria associated with Regulatory Guide
Kn OW|edge Of C ataWb a / .190 stating that an acceptable neutron fluence calculation has the following attributes:
; . \ g Te methodology
||CenS| ng baS|S + Criteria 2 - Contains an analytic uncertainty analysis identifying possible sources of
uncertainty

s Criteria 3 - Contains a benchmark comparison to approved results of a test facility

« Criteria 4 - Demonstrates plant-specific qualification by comparison to measured fluence
Nuclearn
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How Humans Do 50.59 Analysis vs. How Al Should Do It

Human Process Pattern Recognition Al Replication Strategy
Observable Human Patterns in 50.59 Analysis: SpeC|f|C|ty of the Ask:
Systematic Approach: Humans follow the same basic Break Down High-Level Tasks: Decompose complex
pattern across evaluations regulatory questions into specific sub-tasks
Training Consistency: Many people trained similarly in . Assign Focused Sub-Tasks: Each Al agent gets narrow,
NEI 96-07 methodology specific assignments
Author Consistency: Evaluations often authored by the . Reduce Distraction: Broad asks add noise to Al model
same experienced professionals performance
Progressive Refinement: Multiple review cycles with peer . Higher Probability of Success: Simple, specific questions
checking have higher accuracy rates
Human Tools That Work For Al too: Multi-Agent Implementation:
Self-Check: Individual review of analysis completeness / tnatesd of asking cne AT agent to do everything \
Peer Check: Colleague review for technical accuracy "Perform 50.59 screening”
Independent Verification (IV): Independent technical review Break into specific persona research assignments:
License Analyst: "Identify tech spec requirements"
Management Review: Senior oversight and approval Research Agent: "Research UFSAR for XYZz"
Technical Agent: "Assess technical adequacy"
k IV Agent: "Challenge analysis for oversights" /

@ Nuclearn



Multi -Agent Implementation - Interface

Home

Assistant

5059 (copy)

Ask me anything, Tm here to help!

do a 5059 SCREENING:

The current Containment Isolation Valve Actuation System (CIVAS) uses a single failure-prone relay system f
or actuation of critical containment isolation valves. This system has been identified as a potential single poi
nt of failure during a design basis accident (DBA). The proposed madification involves upgrading the CIVAS 1
© & redundant actuation system that utilizes two independent relay systems, each powered from separate Cl
ass 1E power supplies. This upgrade will enhance the reliability of the CIVAS and reduce the risk of containm
ent isolation failure during a DBA.

@ Perform 10 cfr 50.59 screening
View the Results of the Perform 10 efr 50,59 screening 100l

» Tool Caf

Agent Interface

/

The 10 CFR 50.59 screening has been initiated for the propesed modification 1o the Containment Isolation Vaive

Actuation System (CIVAS). The upgrade involves replacing a single relay system with a redundant configuration

using two independent relay systems powered by separate Class 1E power supplies, aimed at eliminating a single

point of failure and improving reliability during design basis accidents.

I'm workflow under ID:
The initial event has been logged and the process is active.

11l monitor the pragress and provide updates as the sereening advances. This will determine whether a full 50.5
evaluation is required based on NE196-07 Section 4.2 criteria

s T A ]

Perform 10 ¢fr 50.59 sereen
View the Results of the Perfon

creening tool

9

Ask AtomAssist anything

+ @

(Copy) ~

© SearchDatasel ~ = Dalanced ~ @) Smart Assist @

Agent Progress

couns (@

D Histery « Share ) cepy m
Artifacts

& Perform 10 cfr 50.59 screening

STATUS RESULT

@ 10CFR50.59 Applicability Determination - Click o expand v

50_59_screening_The current Containment Isolation Valve .md

10 CFR 50.59 screenin

lete. Activity screens in - use evaluation tool for 8-crite

ol

10 CFR 50.59 Screening Complete o Technical Specification Check Complete (2 subtasks) - Click to collapse a
Proposed Activity

The current Containment Isolation Valve Actuation System (CIVAS) uses a single failure-prone relay system
system has been identified as a potential single point of failure during a design basis accident (DBA). The g
redundant actuation system that utilizes two independent relay systems, each powered from separate Clas
of the CIVAS and reduce the risk of containment isolation failure during a DBA

Technical Specification Change Determination: NO - 50.59 Process May Apply

Analysis Results:

Screening Result

SCREENS IN - Full Evaluation Required + Research Scope: Technical Specifications document analysis

Determination Basis: The proposed change involves a one-time extension of the surveillance testing due date for turbine valves from 7/18/16 to
9/30/16, implemented via LBDCR 16-034 and subsequently removed by LBDCR 16-035. The referenced research findings indicate that surveillance
requirements for turbine valves—specif...

Regulatory Impact: No explicit TS changes identified - proceed to 50.59(c)(4) regulatory control check

Next Step: Check if activity is controlled by other regulations

Next Steps: Perform full 10 CFR 50.59 evaluation against the eight criteria

NEI 96-07 Screening Questions Analysis
Question 1: Change to Facility or Procedures? YES

Question: Is the activity a change to the facility or procedures as described in the UFSAR?

Technical Basis: Yes, the d & change to the facility as described iff the UFSAR 1
and diversity through independent signal trains and separate circuitry, including distinct relgffs for Safety Inj
Actuation Signal (CIAS), to meet the single failure criterion and ensure reliable vaive closugf during design |

solation vaives. Thia change affects the refiebifty and of satety degory ° AtomAssist Researcher: Returning Results | asks)  Click to expand v

independence, and power supply diversity—key attributes credited in the safety analyfis. Although the chan
‘change’ as any modification that affects a design function, the methed of performigi or controlling the fun
will be accomplished. Because the UFSAR relies on the existing single relay systengconfiguration (with div
introducing redundancy within the actuation system itself alters the basis of that Jvaluation. Furthermore, |
configurations that form part of the safety analysis, and modifying the acwationfEircuitry impacts these de

findings that dual independent relay systems powered by separate Class TE buffes were originally assumed ° 5059(6)(4) Regulatory Control Check - Click to expand v

achanae tn the farility desinn as deserihed in the IIFSAR Na nincedure chanfes are indicated in the nmna

Save As FDF

° Consolidating Other Regulations Research: Not Controlled by Other Regulation (10 subtasks) « Click to collapse a

The activity was not found to be controlled under another regulation. Full 50.59 analysis is required.

° AtomAssist Researcher: Returning Results (4 subtasks) - Click to expand v

Step -by -Step

Research -Evaluate -Compose

Nuclearn

° AtomAssist Researcher: Returning Results | asks) - Click to expand v



Multi -Agent Implementation - Search/Query

& Perform 10 cfr 50.59 screening

acluauon narawdre, or reaunaancy NmMprovements i sdaiely-reiglea conuois.

Patterns in irrelevance:

D H H L' k « Results are off-topic with respect to the specific SSC (CIVAS) and its electrical actuation design; they address signal types rather than the reliability or redundancy of the
ynamlc, uman I e actuation system itself.
« The scope of the retrieved content is either too general (procedural signals) or focused on non-safety systems, missing the safety-related electrical design details necessary

Queries issued to RAG
Engine by Agent S m oo oo oo oo—oooooooo--—---o_,

° Completed search for query: What are the safety functions and performance requirements of the containment isolation valves, including their closure time, 1 , Click to
1 reliability, and response to design basis accident signals such as CIAS, SIAS, and MSIS? expand
L o o oo oo oo oo oo e e e e o e o e o e e e e e e e e e e e M e e e e e e e

I
A ent uses a o Completed search for query: Describe the current design of the Containment Isolation Valve Actuation System (CIVAS) including its actuation logic, relay , Click to
configuration, and power supply sources as documented in the FSAR. expand
Ll -
combination of:
L]
High Performance
General LLM ° Completed search for query: Are the containment isolation valves designed to meet the single failure criterion? If so, how is this achieved in the current _Click to
G 2 actuation system? expand

N I LLM o Completed search for query: Describe the power sources for containment isolation valve actuation, including whether they are derived from redundant Class 1E  Clickto
u C ear dc buses or other vital power supplies. expand

o Completed search for query: Identify the actuation signals for containment isolation valves and the diversity and redundancy requirements for these signals as ~_Clickto
specified in FSAR Table 6.2-32. expand

o Completed search for query: What is the classification (safety-related or non-safety-related) of the containment isclation valves and their actuation circuits, and , Click to
what design standards (e.g., ASME Section Ill, Class 1E) apply? expand

CIOU d O penAI y etc o Completed search for query: Is there any provision in the current design for manual override or operator-initiated reopening of containment isolation valves , Click to

after actuation? expand

o Completed search for query: What inspection, testing, and maintenance requirements are specified for the containment isolation valves and their actuation , Click to

systems in the FSAR? expand

o Completed search for query: How is the reliability of the Engineered Safety Features Actuation System (ESFAS), including containment isolation signals, , Click to
analyzed and documented in the FSAR? expand

° Completed search for query: Are there any failure mode and effects analyses (FMEA) or fault trees for the containment isolation system that assume or credita _Click o
single relay configuration? expand

Nuclearn

o Screening Question 2 Complete (2 subtasks) * Click to expand v
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Multi -Agent Implementation - Workflow Adherence

& Perform 10 cfr 50.59 screening

= LUV TEYUIed TUll Ou D STUIMUUIT Pl 10 U1 I O oG L) U JUPUIUiG GV Iuurn Tt

« Next Step: Challenge analysis and final screening report
NEI 96 -07 Workflow

Screening Summary: The activity SCREENS IN and requires a full 10 CFR 50.59 evaluation per NEI 96-07 Section 4.2

Ad h e re n Ce Screening Questions Answered YES:

Task has completed successfully. « Question 1 (Change to Facility/Procedures): Yes, the proposed activity constitutes a change to the facility as described in the UFSAR. The UFSAR describes the CIVAS as
employing redundancy and diversity through independent signal trains and separate circuitry, including distinct relays for Safety Injection Actuation Signal (SIAS) and
Containment Isolation Actuat...

© 10 CFR50.59 Screening - Click to expand v
° Independent Screening Review: Challenge Analysis Complete - Click to collapse &

Challenge analysis complete with 3 issues identified
° Does the activity change the facility or procedures as described in the UFSAR? (7 subtask) - Click to expand »

Challenges Identified: - The original screening determination seems overly conservative by treating the proposed activity as a facility change rather than an enhancement that aligns with
existing design principles. The UFSAR already credits redundancy, independence, and Class 1E power supplies in other safety-related systems, suggesting that the concept of redundancy is
not entirely foreign to the facility design. The proposed modification introduces a level of redundancy that is consistent with the existing design basis. - The basis for answering Question 1
as "Yes' is strong, but the justification could be more explicit in addressing the regulatory definition of a 'change’ and how the proposed activity impacts the current design basis. The UFSAR
findings indicate that the current system relies on a single relay system, and modifying it to a redundant system does indeed alter the described configuration, which should be explicitly
stated in the justification. - The basis for answering Question 2 as 'No'is clear, but it might be beneficial to explicitly state that the proposed activity does not involve any new experiments
or tests that are not already described in the UFSAR. This could help to avoid any ambiguity and ensure that the determination is robust

° Screening Question 2 Complete (2 subtasks) - Click to expand

° Independent Screening Review: Challenge Analysis Complete - Click to expand v

Challenge Responses: - While the proposed activity does constitute a change to the facility, it is a change that enhances the reliability of the system and aligns with existing design
principles. The introduction of a redundant relay system is a step towards improving the safety and reliability of the CIVAS, and it should be evaluated in the context of its impact on the
existing design basis rather than being treated as a fundamental change. * The justification for answering Question 1 as 'Yes' is strong, but it could be enhanced by explicitly stating that the
proposed activity does indeed alter the current design basis by introducing redundancy where it was not previously present. This would make the justification more robust and less open to
interpretation. * The basis for answering Question 2 as 'No' is clear, but adding explicit statements about the absence of new experiments or tests would further strengthen the
determination. This would ensure that the activity is clearly distinguished from tests or experiments, which would require a different evaluation process.

° Final Screening Report Generation Complete - Click to expand v

° Result - Click to expand v
Key Findings:

« Original Determination: SCREENS IN
= Final Determination: SCREENS IN

= Determination Revised: No

= Confidence Level: Medium

Challenge Analysis Summary: The original screening determination is generally sound, but it could benefit from mare explicit justifications and a more nuanced approach to evaluating the

-
H u man Perf- tOOIS applled to AI proposed activity. The activity does constitute a change to the facility, but it is a change that enhances the system's reliability and aligns with existing design principles. The determination

should be revised to more clearly articulate the regulatory rationale and to explicitly address the potential challenges identified

Self - CheCk Regulatory Impact: The independent review validated the original screening appreach and conclusions. Final confidence assessment indicates moderate regulatory assurance with some

IV/Cha"enge AnaIySiS uncertainties identified.

° Final Si ing Report G ion Complete - Click to expand

@ N u c I eCI rn © Resutt - click o expand v



Multi -Agent Implementation - Evaluation Step Complexi

Technical Rigor SAT? - Maybe
Engineering Research Accelerator - Definitely

¢ Perform 10 cfr 50.59 evaluation

Individual Criterion Results STATUS  RESULT
Criterion 1: No

. . . " . rn
Question: Does the activity result in more than a minimal increase in the frequency of occurrence of an accident previously evaluated in the final 50_59_evaluat|on_Th|s change evaluates a one-time extenSI.md V4 [
safety analysis report (as updated)? 10 CFR 50.59 evaluation complete. No license amendment required - activity may proceed

Analysis: The proposed activity involves a one-time extension of the testing deadline for turbine valves from 7/18/16 to 9/30/16. The technical
requirements for cycling the valves remain unchanged, only the compliance deadline is extended. The turbine overspeed protection systems are
designed to prevent turbine overspeed and ensure the integrity of the steam and power conversion system during transients such as load ‘I 0 C FR 50 59 Eva I u ati on C om p I ete
rejection or turbine trip. The extension of the testing deadline does not affect the functionality or reliability of the turbine overspeed protection :

systems. The extension also does not introduce any new failure modes or increase the likelihood of turbine overspeed or turbine trip. The turbine e

missile ejection probability remains within regulatory limits and is consistent with the analyses documented in UFSAR Sections 3.5.1.3 and PrOPOSEd ACt|V|ty

10.2.3. Therefore, the activity does not result in more than a minimal increase in the frequency of occurrence of an accident previously evaluated

. . ‘ This change evaluates a one-time extension to TRM 4.3.4.2.a turbine valve testing at Waterford 3, moving the late date from 7/18/16 to
in the final safety analysis report (as updated).

9/30/16, to support summer reliability operations. The extension was necessitated by a MISO conservative operations notice issued after

Supporting Evidence: the Grand Gulf trip during turbine valve testing. The change includes validation that turbine missile ejection probability remains within
« The turbine generator at Waterford 3 is equipped with two indep and diverse peedp on systems: an electrical system and a mechanical system. regulatory limits and is consistent with the analyses documented in UFSAR Sections 3.5.1.3 and 10.2.3. The affected systems include the
These systems do not share common sensing devices, providing redundancy and minimizing common-cause failure risks. main turbine and associated control and protection systems. The technical requirements for cycling the following valves under direct
= The electrical overspeed protection is provided by the Overspeed Protection Control (OPC) system, part of the Digital Electrohydraulic (DEH) control system. The observation at least once every 184 days remain unchanged cnly the compliance deadline is extended: 1. Four high pressure throttle
OPC actuates at 103% of rated turbine speed to control overspeed during partial or complete loss of load. The electrical system initiates a turbine trip at 111.5% of ) ) ' . ‘
rated speed. valves. 2. Four high pressure governor valves. 3. Six low pressure reheat stop valves. 4. Six low pressure reheat intercept valves. LEDCR 16-
= The mechanical overspeed protection system uses a mechanical linkage to trip the turbine stop valve by releasing a spring mechanism upon overspeed. The 034 implements the one-time extension, and LBDCR 16-035 removes the extension after 9/30/16 to restore the original TRM information.

mechanical trip is actuated at 111% of normal speed. This system is passive and i of electrical
Both systems interface with the turbine stop valve, which is normally open and requires solencid actuation (via 125V dc power supply) te allow spring-initiated
closure. Remote operation of the turbine stop valve is supported via a motor powered by Class 1E, 480 V ac supply; manual operation is also possible using a

This evaluation is being performed to determine if prior NRC approval is required under 10 CFR 50.59(c)(2).

handvineel Evaluation Result
» The turbine valve closure performance is critical for preventing turbine damage and maintaining integrity of the steam and power conversion system during
transients such as load rejection or turbine trip. Per UFSAR Section 10.2.2.2.9, all turbine steam valves are designed to close within 0.25 seconds of overspeed NO LICENSE AMENDMENT REQUIRED
detection. This total closure time includes a 0.1-second signal delay and a 0.15-second valve closure period
= The extension of the testing deadline does not affect the functionality or reliability of the turbine overspeed protection systems. The extension also does not Next s‘eps: ACﬂViW may proceed under 10 CFR 50.59 with proper documentation
imtrodiinn me s fniliinn mamdnn s inasnnan ko ki nd of basine aneanand o biein e bein

8-Criteria Evaluation Summary

« Criteria Exceeded (require amendment): 0
« Criteria Acceptable (no amendment): 8

Final Report Generated Individual Criterion Results

Criterion 1: No

I D Flword Question: Does the activity result in more than a minimal increase in the frequency of occurrence of an accident previously evaluated in the
final safety analysis report (as updated)?
lemplate -able

Save As PDF

Nuclearn .



5059 Workflow with Al
AD

» Achievable
« Simple Analysis
» Deployable Today

« Exception handling with outside
regulations and document
differentiation (TRM, TS, etc)

« External Regulation requires innate
knowledge - Nuclear LLM

« Document management (Latest
version control, etc)

Screening

Achievable

Analysis possible with agent
workflows

Deployable today

Evaluation

Possible

Difficult to guide LLM/AI to level of
rigor of human engineers

Requires outside context that is
difficult without extensive research
and tribal knowledge

Researcher accelerant

« Engineering design/calculations

sometimes required

Al TO DO COMPLEX NUCLEAR ANALYSIS IS NON-TRIVIAL

SIMPLE RAG EXAMPLES LOOK GREAT, BUT AREN’T USEABLE

@ Nuclearn
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