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EJ!E; We Test the 1&C Systems of Nuclear Power Plants

* All U.S. nuclear power plants

* Nuclear plants in Europe, Asia, Africa, Middle East, and
South America

 Government Facilities including Y-12, Sandia, Savannah .y Y& |
Rivel‘, HF|R/ORNL, and ATR/INL MATERIALS TESTING ONLINE MONITORING
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AN |1&C Challenges for Next-Generation Reactors

 Harsh process conditions
» Elevated temperatures
* High radiation

* Corrosive coolants

 Limited hands-on maintenance

L Reator | _Type | cCoolant | _ oOutput | Temperature | _Refueling/Cycle

i NuScale VOYGR iPWR SMR Water 77 MWe 300°C 24 Months
* Extended refueling cycles Holtec SMR-160 PWR SMR Water 160 MWe 316°C 42 Months
GE Hitachi BWRX-300 BWR SMR Water 300 MWe 287°C 12-24 Months
* Online refueling TerraPower MCFR MSR Molten Salt 780 MWe 755°C Online
TerraPower Natrium SFR Sodium > 345 MWe 540°C 24 Months
° Remote Insta”atlon (Ilmlted On_SIte Staff) X-Energy Xe-100 PB HTGR Helium 80 MWe 565°C Online
Kairos Power FHR PB MSR Molten Salt 140 MWe 650°C Online
Ultra Safe Nuclear MMR Micro-HTGR Helium 5 MWe 630°C 20 Years
° P h yS I C al d es I g n con St ral n tS Westinghouse eVinci Heat-Pipe MR N/A 1-5 MWe >750°C 48-60 Months
Oklo Aurora Heat-Pipe MR N/A 1.5 MWe >500°C 20 Years
BWXT BANR Micro-HTGR Gas 17 MWe >750°C 5 Years
« Compact containment vessel General Atomics HTGR Helium 50 MWe 800°C 104 Months
ARC-100 SFR SMR 100 MWe 510°C 20 Years

* Integ ral reactor (no |00pS / p|p|ng) PWR - pressurized water reactor, iPWR — integral PWR, BWR — boiling water reactor, MSR —molten salt reactor, SFR — sodium-cooled
fast reactor, HTGR — high-temperature gas-cooled reactor, PB — pebble bed

Sodium




Emra STTR R&D Objective & Project Team

Objective: Develop a sensor incorporating the HTIR-TC developed at INL that can measure
temperature, flow, and level simultaneously in harsh next-generation reactor environments
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D] Background of the INL HTIR-TC

» Developed for use in materials testing reactors

Demonstrated in INL Advanced Test Reactor (AGR-5/6/7)

Winner of 2019 R&D100 Award

Qualified through DOE-NE ASI Program

Licensed to Idaho Laboratories Corp. in 2020 through SBIR award

Conventional TC Design
Coaxial HTIR-TC Design* — = = —
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*Patent Pending (Skifton, Daw — USPTO Application US16/690,630)




Bg Prototype Sensor Design

* 0.25-inch diameter, 4-ft length
e 8X Thermocoup|es S e

» 4x grounded-junction HTIRsS

» 4x ungrounded-junction Type-K TCs
* 1x 4-Wire Self-Heated RTD

35.88

1x RTD Element (4-Wire Configuration)
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()
gg Noise Analysis and Transit Time Flow Measurement (TTFM)

Natural fluctuations (noise) in sensor output can be analyzed to:

; i Cross Correlation Plot
* Determine sensor response time

A
Identify blockages in sensing lines (using pressure transmitter data)
Quantify core barrel vibration (ex-core neutron detectors)

T = Transit Time

Measure RCS flow via transit time flow measurement (TTFM)
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Requires at least one up/down-stream sensor (can be “unlike” sensors)
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» Demonstrated by AMS using RTDs, TCs, neutron detectors

Y

Time » Accuracy dependent on plant process conditions and sensor characteristics




B INL and AMS Sensor Test Facilities

* INL Flowing Autoclave System (FAS)
» Water-filled test loop
* Up to 608°F and 2500 PSI

« AMS Thermal-Hydraulic Test Loop
»  Water-filled test loop
» Up to 200°F and 200 PSI
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INL Flowing Autoclave System Facility
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EY) Custom Built Testbed for Prototype Sensor
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A Key Accomplishments of the STTR Project

« Demonstrated TTFM using HTIR-TCs for flowing water and air processes
« Designed and built a new custom testbed for prototype sensor testing at AMS

« Designed a prototype multi-element sensor probe (fabricated by ldaho Laboratories Corp) and determined baseline sensor
performance through laboratory testing — patent pending

« Established software and sensor data acquisition system hardware requirements
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go Other R&D Related to Next-Generation Reactors

—_——— e e = = = = = = = =

» DOE Phase 2 SBIR: Online Monitoring (OLM) for Autonomous Microreactors K

. . . . Ob i
Objective: Develop OLM for microreactor sensors, equipment, processes, and SSCs l’ veasurable Ro 3 Syotony

Quantltles

» Evaluate Al/ML techniques for fault detection, diagnostics, prognostics

* Produce and demonstrate prototype OLM system for microreactors

» DOE Phase 2 SBIR: Development of Cable Insulation Materials for Advanced Reactors - Anticipate

GOAL: Identify suitable cable insulation materials for Advanced Reactors
» Subject potential insulation materials to SMR/Adv Rx conditions

on
» Measure material properties to determine suitability for use Action

Recently Concluded Projects

Project Title

|1&C System Design for SMRs

SBIR

Methods for Verifying Embedded Sensor Performance in AM Components

Cable Derating and Survivability, Sensor Performance Characterization at SMR Conditions

GAIN

Radiation Aging of Nuclear Power Plant Components

1 AMS Materials Test Laboratory
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Thank You

Questions?
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