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Capabilities of the INL Irradiation 
Facilities
–Instrumentation focused view of INL capabilities

Presented by Troy Unruh

Manager – INL Measurement 
Science Department



Develop advanced sensors and 
I&C that address critical technology 
gaps for monitoring and controlling 
existing and advanced reactors and 
supporting fuel cycle development

VisionMission
NEET ASI Research results in 
advanced sensors and I&C 
technologies that are qualified, 
validated, and ready to be adopted 
by the nuclear industry

INL/MSL and the DOE Advanced Sensors 
and Instrumentation (ASI) Program



Measurement Science Department & Laboratory

https://factsheets.inl.gov/FactSheets/Measurement%20Science%20Laboratories.pdf
We welcome instrumentation-focused visiting researchers, students, vendors, etc. 



Measurement Science Laboratory Equipment Tour

https://inlgov360.b-cdn.net/HTTL/HTTLTour.html



• Fuel rod refabrication, reinstrumentation, and continued irradiation prototyping units
• Hot cell units under development at Materials and Fuels Complex

MSL Reinstrumentation for Testing Irradiated Rods
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Fuel assembly 
irradiation in a 

commercial LWR or 
test reactor (ATR)

Fuel Segment 
from Rod

Re-fabricated/ 
Re-instrumented 

segment
Experiment in 
ATR or TREAT

Images adapted from Halden presentations



Flowing Autoclave Laboratory
• Real-time, non-nuclear, high temperature, high pressure 

evaluations of instrumentation, assemblies, components, and 
materials
− Hydrostatic testing
− Sparce sensing validation
− Line break measurements

• To be installed:
− Steam generator 
− Sodium loop(s) for TREAT

https://inldigitallibrary.inl.gov/sites/sti/sti/Sort_53372.pdf

Thermocouple performance evaluations in autoclave 
Flowing Autoclave Laboratory



Mechatronics Laboratory (coming soon!)
• Dedicated to the 

development and 
demonstration of 
specialized mechanical 
and sensing systems for 
nuclear reactors and 
reactor experiments with 
specialized areas:
− Micro-Reactors
− Mechatronics
− Parallel Robotics
− Ultrasonics

https://www.linkedin.com/posts/idaho-national-laboratory_visual-benign-reactor-as-analog-for-nuclear-activity-7100552458619285504-Oo-D

Visual Benign Reactor as Analog for Nuclear Testing 
(ViBRANT)

Mechatronics Laboratory Layout
Energy Security Research Laboratory (ESRL) under construction



Transient Reactor Test (TREAT) Facility

• TREAT’s design provides flexibility to 
support a variety of testing missions

− 19 GW Peak Transient Power (~2500 MJ 
energy limit)

− Core: ~1.2 m high, 19 x 19 array of 10 x 10-
cm. fuel assemblies (air-cooled)

− Instantaneous, large negative temperature 
coefficient (self protecting driver core)

• Operated 1959-1994

• Restart 2014-2017

8

TREAT Neutron 
Radiographs

TREAT Hodoscope Data



MSL, TREAT Reactor, and Material and Fuel Complex 
(MFC) Hot Cell Facility Integration

• Example: Static Water Capsule 
(SERTTA) Instrumentation:
− Boiling detector (electroimpedance)
− Fuel temperature (TC)
− Cladding surface temperature (bare-wire TC) 
− Plenum/capsule pressure (optical fiber/LVDT)
− Elongation (LVDT/optical fiber) (not shown)
− Energy deposition (ex-capsule SPND/n-α 

thermometer) (not shown)

(One SERTTA variant shown here)

Water- 
filled 

capsule
assembly

Boiling 
detector

Optical Fiber 
Pressure 

Transducer

Fuel 
Centerline 

Thermocouple

Cladding 
Thermocouples

https://inldigitallibrary.inl.gov/sites/sti/sti/Sort_64537.pdf



https://www.energy.gov/ne/articles/national-lab-creates-new-device-test-safety-limits-nuclear-fuel

Public release video: 
MSL intrinsic junction thermocouple in practice video: 

(one of many!)



Measurement Science Laboratory Analysis  
3D computed tomography 
of sheathed and mounted 

thermocouple (scan at 
right) at critical heat flux 

(simulated below)

3D computed tomography of 
intrinsic junction thermocouple 
(scan at left) at critical heat flux 

(simulated below)



THOR MOXTOP Drawing Overview
• MSL works closely with INL 

Experiment Design Department
− Guide initial design/fabrication 
− Redlines incorporated during 

assembly
− As-built drawings incorporates 

redlines 

THOR MOXTOP experiment drawings and redlines (left)



THOR MOXTOP Assembly Overview

• Supplemental Work Instruction 
(SWI) 
− Guide assembly and 

instrumentation 
fabrication/assembly

− Step-by-step sequence
− Document As-built conditions
− Performs quality assurance 

THOR MOXTOP Supplemental Work Instructions



THOR MOXTOP Assembly Overview - continued

• Supplemental Work Instruction (SWI) 
− Leak Testing Examination Reports 
− External Cable Layout
− Non-Conformance Reports

THOR MOXTOP Supplemental Work Instructions



3-Month-Long THOR MOXTOP (Mixed Oxide Fuel) Video 
of Assembly & 60 seconds of Data from TREAT
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Advanced Test Reactor (ATR) and Critical (ATRC) Facility  
Gamma Tube, Radiation Measurements Laboratory 
(RML), Test Train Assembly Facility (TTAF)

https://inldigitallibrary.inl.gov/sites/sti/sti/Sort_53406.pdf



ATR / ATRC* Test Positions

https://inldigitallibrary.inl.gov/sites/sti/sti/Sort_54644.pdf

ATR core (left) & ATRC core (right)

Neutron Detector Testing in ATRC

*all test positions not available in ATRC



Instrumented Test Assembly and installation example: 
Advanced Gas-cooled Reactor 5/6/7 

https://gain.inl.gov/SiteAssets/2020SensorTechnologiesWorkshop/Presentations_SensorTechnologiesForAdvancedReactorsVirtualWorkshop_13Oct2020/05-Palmer_AGR-
567InstrumentationDevelopment_13Oct2020.pdf

Sensor and Gas Line Brazing (above/below)
Assembly in Test Train Assembly Facility (above/below)

Installation into ATR



Neutron RADiography Reactor (NRAD) Facility
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https://inldigitallibrary.inl.gov/sites/sti/sti/Sort_29038.pdf

https://inl.gov/nuclear-energy/researchers-irradiate-chloride-based-molten-salt-in-first-of-a-kind-experiment/

NRAD Reactor Attributes
− 250kW TRIGA® Reactor 

(Conversion Type)
− Shallow Open Pool 

(Atmospheric Pressure)
− Radiation levels (~2.5R/hr) 

prevent pool-top access during 
full power operation.

− Direct Access to HFEF hot cell

Neutron flux sensor 
installation in NRAD (left) 
and testing outside NRAD 
in transfer tunnel (right)

Molten Salt Research Temperature-Controlled Irradiation (MRTI) 
designed for instrumentation, not installed 



90% design completed for MARVEL microreactor 

https://www.energy.gov/ne/articles/marvel-microreactor-reaches-final-design-step

https://gain.inl.gov/SiteAssets/MicroreactorProgram/MARVEL_Fact_Sheet_R15.pdf

MARVEL Reactor Attributes
− Sodium-potassium cooled reactor with natural circulation 

cooling
− Operating temperature of 500 - 500⁰C
− Stirling engines convert 85-100 kW of thermal energy to 

~20 kW electrical power
− 2 year mission may include:

• Test, demonstrate, and address issues related to 
installation, startup, and operation

• Enable Autonomous Operation Technologies
• Enable Seamless Application Integration
• Demonstrate radiation and temperature-hardened 

sensors and instrumentation to enable remote 
monitoring, advanced sensor reliability tests, and 
online calibration

MARVEL microreactor



Final Notes & Recruitment

• INL has unique capabilities for sensor design, 
development, fabrication, assembly, 
characterization, deployment in both non-
nuclear and irradiation experiments while also 
fostering a variety of commercialization 
activities

• MSL welcomes instrumentation-focused 
collaborations with visiting researchers, 
students, vendors, etc. 

• MSL is growing, join the team! Please watch 
https://inl.gov/careers/ Troy Unruh

Nuclear Instrumentation Engineer (INL)
Troy.Unruh@inl.gov
W (208)-526-6281
ORCiD: 0000-0003-2417-9060

LinkedIn

https://inl.gov/careers/
mailto:Troy.Unruh@inl.gov

