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

Mission Vision

Develop advanced sensors and NEET ASI Research results in

1&C that address critical technology advanced sensors and |&C

gaps for monitoring and controlling technologies that are qualified,
existing and advanced reactors and validated, and ready to be adopted
supporting fuel cycle development by the nuclear industry

NEET-ASI Crosscutting Research

IDAHO NATIONAL LABORATORY



Il Measurement Science Department & Laboratory

~—

Idgho Noionl '

laberatory

Measurement Science Laboratories

Nuclear instrumentation for irradiation experiments and advanced reactors

eritical part of nuclear
Aenergy research ks the

ability to precisely
measure the extreme cond|-
tions inside a nuclear reactor.
This Is a skgnificant technical
challenge, but idaho National
Labaratory's Measurement
Sclence Department

addresses it with the Measure-

ment Sclence Laboratories
(M5L). MSL are a collection of
laboratory spaces, equipment
and capabilities supporting

the activities of INLs Measure-
ment Science Department.
ML provide broad support to
many programs within the U.5.
Departrment of Energy’s Office
of Nuclear Energy (DOE-NE)
and allow access to research-
ers and engineers from ongani-
zations inside and outside INL.

Most MSL facilities are located
at INUs Energy Innovation
Laberatory (EIL), including
the High Temperature Test
Laberatory (HTTL). Other

labs are in the Idaho National
Laboratory Research Center
(IRC} and Idaho Engineering
Demonstration Facility (IEDF).

MEASUREMENT SCIENCE
LABORATORY CAPABILITIES

MSL contain an array of
specialized equipment for
nuclear instruments develop-
ment, fabricatbon and testing.

= The autoclave testing area
Includes various flowing
and static containment
vessels that simulate
pressurized water reactor
temperature, pressure,
flow and chemistry. This
allows instrurnent testing
of advanced instrument

concepts, test assembilies,
reactor components,
materlals, and coatings

In prototypic, but non-
nuclear conditions.

Tray Unrul

208-526-6281

Ger !
Joel Hiller
208-526-7455

wwiinl.gov

The HTTL houses specialized
Instrument fabrication
equipment and can perform
high-temperature evaluations
as well as non-destructive
analysis of instruments
through a micro focus X-ray
computed tomography
scanner. The HTTL can

also handle radicactive
materlals relevant for
Instrument research.

= The fiber optics and
acoustic sensors fabrica-
thon and testing area
Includes specialized
spectrometers, spectrum
analyzers, laser interroga-
tors, pulse power system,
power meters, and fiber
fabrication equipment.

MSL provide research and
developrment, testing and
characterization, and engi-
neering services including:

characterization of local

test parameters, such as
neutron flux, temperature,
pressure and materials
mechanical responses. MSL
instruments are deployed
in INL irradiation facilities,
primarily the Advanced Test
Reactor (ATR) and the Tran-
shent Reactor Test Facility
(TREAT], as well as facilities
in collaborating institu-
tions, such as the Mas-
sachusetts Institute of Tech-
mology Reseanch Reactor.
Engineering services for
Instrumented irradiation
rbgs. Those include design
integration, instrument

nuclear instrumentation
fior Irradiathon exper-
ments to provide real-time

lib nd out-of-pile
testing, assembly processes.
as well as post-rradiation
examination for passive

mionitors. The assembly of
Instrumented TREAT experi-
mients, design and calibra-
tien of linear variable dif-
ferential transformers and
services related to passive
ronitors for ATR experi-
ments without sensor leads
(mnelt wires, SIC monitors)
are an important compo-
nent of M5L activities.

= Development of innova-
tive sensing technologles
for advanced reactors
Instrumentation and
contrel systems. Through
use in irradiation
experiments, sensing
technologies are matwred
for commercialization or
Integration in advanced
reactor designs. Innova-
tive technologies such as
optical fibers and acoustic
measurements are key
te enable advanced
miaintenance (such as
early fault detection) and
operation modes (toward
autonomous operation).

Bantelle Emerigy Al kance manages HL
forthe (13, Department of Enesgys
Dffice of Mucleas Energy.

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

etc.

IDAHO NATIONAL LABORATORY




Jlll Measurement Science Laboratory Equipment Tour

Sensor Fabrication Area

The is the sensor fabrication area, housing the
Computed Tomography X-ray and other equipment
used to fabricate sensor and experiment assemblies
up to 18 feet long, for insertion into the ATR.

IDAHO NATIONAL LABORATORY

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



- MSL Reinstrumentation for Testing Irradiated Rods

* Fuel rod refabrication, reinstrumentation, and continued irradiation prototyping units
* Hot cell units under development at Materials and Fuels Complex
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Ii:rl:aecljiaa?ii)?]r?: Z Fuel Segment Re-fabricated/ - :
; g Re-instrumented Experimentin
commercial LWR or  from Rod ATR or TREAT

test reactor (ATR) segment

Cryo-drilling unit with vacuum pumps and guards in place

Images adapted from Halden presentations

IDAHO NATIONAL LABORATORY



-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: P
— Steam generator
— Sodium loop(s) for TREAT

\

Fldwing Autoclave 'Laboratory

IDAHO NATIONAL LABORATORY
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Thermocouple performance evaluations in autoclave

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



Il Mechatronics Laboratory (coming soon!)

Dedicated to the
development and R B Reri e I
demonstration of : |
specialized mechanical
and sensing systems for
nuclear reactors and
reactor experiments with
specialized areas:

— Micro-Reactors
— Mechatronics

— Parallel Robotics o i B
— Ultrasonics wnlle

phenomena that happen in a reactor, like pressure o
temperature changes, and then visualize it in 3D

Visual Benign Reactor as Analog for Nuclear Testing
(VIBRANT) — —
Mechatronics Laboratory Layout

Energy Secu rlty Research Laboratory (ESRL) under construction
https://www.linkedin.com/posts/idaho-national-laboratory_visual-benign-reactor-as-analog-for-nuclear-activity-7100552458619285504-O0-D IDAHO NATIONAL LABORATORY
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- 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)

‘‘‘‘‘‘‘ Design

TREAT Neutron
Radiographs

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

 Operated 1959-1994
 Restart 2014-2017

Power

NEYAN
A

IDAHO NATIONAL LABORATORY

TREAT Hodoscope Data

Hodoscope detected fuel motion
Time —» |

| o g |

16
0 Sec 10 Sec




MSL, TREAT Reactor, and Material and Fuel Complex

- (MFC) Hot Cell Facility Integr tlon

* 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-a
thermometer) (not shown)

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

Fuel
Centerline
Thermocouple

Water-
filled
capsule
Cladding assembly
Thermocouples
Boiling
“"Jetector
Optical Fiber

Prossure /(O'ne SERTTA variant shown here)

Transducer
IDAHO NATIONAL LABORATORY




Office of Nuclear Energy

Safety Limits of Nuclear Fuel

MILESTONE

OCTOBER 26, 2021

MSL intrinsic junction thermocouple in practice video:
one of many!
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https://www.energy.gov/ne/articles/national-lab-creates-new-device-test-safety-limits-nuclear-fuel



Measurement Science Laboratory Analysis

3D computed tomography
of sheathed and mounted
thermocouple (scan at
right) at critical heat flux
(simulated below)
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3D computed tomography of
intrinsic junction thermocouple
(scan at left) at critical heat flux
(simulated below)
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Jlll THOR MOXTOP Drawing Overview

NOTES:

« MSL works closely with INL :
Experiment Design Department

— Guide initial design/fabrication

— Redlines incorporated during
assembly

— As-built drawings incorporates
redlines

n -1 ASSELEBLY DMLY

(51 ) -0 nameuisy oLy

-1 AND -29 ISOMETRIC
REFEREWCE DY
SALE NORE

PR

-2 AND -30 ISOI
e

i -2 ASSEMBLY s SECTION B-B
:3 -30 ASSEMBLY =1 SEAE ¥

REHES mocures e sovmses

] T 7 T [ T 5 & £ T 3 T

-1 ASSEMBLY srov

THOR MOXTORP experiment drawings and redlines (left) -29 ASSEMBLY s

3f14f25

Sk

£ T 7 T 5 T F 7 T
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This SWI Cover Sheet, upon completion, complies with the requirements of LWP-21220 and
LWP-20000. The W1 herein was developed using the guidance provided in PLN-5795 and in

accordance with LI-764,
u
THOR MOXTOP Assembly Overview —
SWI Number SW1-12082022-1-TB
QLD Number or Equivalent MFC-001512
Drawing/Sketch Number(s) DWG 822798, R22700, 8X2800, 822958, & 822795 B227DP6
Activity Primary Location Measurement Sciences Laboratory (EIL)
o The scope includes fabricating drawing 822958-1 THOR-
Scope Deseription MOXTOP-1 Module assembly without fisel.
D t as-built di ions for furcation, capillary, and polyimide fiber below,
. Iy : SWI Release for Wark
- Supplemental Work Instruction s cnsom: 30 -
Capillary Tubing Length for Capsu.le Conax: Slgnatare Date
Furcation Tubing Length : SE i " 4gitally 5gret iy KLINT ANDEASOH (asfilne)
( S W I ) Polyimide Fiber Length : Lt Desty Ecgluecr ﬂ|meEﬁ$‘ﬁ\l’!¢ﬁilﬁte} bl i

Responsible Engineer T—-/y /‘V N 2.‘_)’ 28}’ 23

. erformer initials/employee#; TB Hle?«{% ate 2’ %‘23 Frogriis Qualky Englaeer mc ‘f"‘gﬁ 111212
— Guide assembly and e — ’ My 2 T1-18°5

inStrumentation 15. Route DTS fiber through heat sink bly in d with the | h below and ivi -

. Activity Performer List
per 822799-2 Assembly Sections A and B and note 8. In event that routing sequence and

fa b ri Cati O n/asse m b I y z::;tation details differ, the record drawing detailed routing sequence and orientation shall be Name ¥

Ashley Lambson 116563

- Step-by-step sequence | — s = e

W]
Drawing ftem Description Quantity Q:T"?;G'R Performer Initials
. g
le B bl; 1 WR 2249
— Document As-built conditions momns | oestemi—t BT
DWG 822799, ltem 6 Well Collar 1 WR 21-83 ,Qv o
N DWG 822799, Item 10 Modified Cap Screw 3 WR 21-83 RL
— Performs g ual Ity assurance WG 1279, e 1 DT Gotd e w | oo [T
DWG 822799, Item 16 Acoustic Electric Sensor AR QA 312981 %
44. Route Type K thermocouple soft extensions through internals in P1 flange Conax in DWG 822799, ltem 17 Wave Spring 2 f!_“QA ‘:, :iﬁsa AL
configuration shown in Figure 2. Configuration can vary as long as AES leads are spaced as far =
radially from the LVDT Primary and Secondary leads DWG 822799, Item 18 Spring Pin 2 WR 21-83 ﬁfL
DWG 822799, Item 20 Miniature SS Tubing 0.042” OD AR QA 341911 ﬁ(_
Top of Heat Sink ¥ 0590
op of it DWG 822799, ltem 21 EPO-TEK-353ND AR QA 3505 AL
DWG 822799, ltem 22 Foil, Aluminum AR QA 348564 ﬁL
Note: Pedestal not shown
B LVDT Secondary stino DWG 822799, liem 28 DTS Coreless Fiber AR | a0 | T
N LVDT Primary
B DTS Fiber DWG 822799, ltem 34 Heat Sink Assembly 1 WR 21-256 AL
B Thermocouples
AES ? DWG 822799, Item 35 Well Short 1 WR 21-256 m
T Spares Bianked DWG 822799, ltem 36 Heat Sink Sleeve Long 1 WR 21-256 AL
DWG 822799, Item 37 MOXTOP Capsule Top Assembly 1 WR 22-279 A/L
DWG 822799, ltem 43 Hot Cell TC Probe Assembly HP 1 2 QA 347642 At

P v = 8 THOR MOXTORP Supplemental Work Instructions

45. Connectors T1 and T2 need to be located at least 8” above flange to allow mate up to HFEF top
hat. Attach chromel and alumel pins to leads above flange per 822795 note 16 and THOR-M
Thermocouple Pin Qut Table. Apply Strain relief and connectors in accordance with 822958 and
THOR-MOXTOP Thermocouple Pin Out Table. Use PEEK tape on leads for applying Strain

p,ffm;‘:.mwm!am 2/ IDAHO NATIONAL LABORATORY




04/17/2023 14:51:41 0600

- THOR MOXTOP Assembly Overview - continued

Non Report
Immf.‘uh
NCR 20230119 Muclear Science and Technology
Subject A HELIUM MASS SPECTROMETER
[ THOR-MOXTOP-1 LVDT and Acoustic Emission Sensor Leads Grounded Out mun? LEAK TEBTING EXAMINATION REPORT
Page 10of 1
| After assembly of the THOR-MOXTOP-1 module an instrumentation check was performed. It was determined during the instrumentation
check that leads fram the Acoustic Emission Sensor and secondary leg of the LVOT had grounded to the BUSTER fla
|Anderson, Klint Stephens Examination Date: 3-15-2023 | S T o LTR-23-042

THOR-MOXTOP-1

L]
m I . 1 ™
® S u p p I ‘ ’ l I l ‘ ’ l I ta I WO rk I I l St ru Ctl O I l (SW I The THOR-MOXTOP-1 LVDT Pressure Transducer and Acoustic Emission Sensor lead wires (822795-24) were found to have grounded out to Surface Cond/Prep: CLEAN | Dwg. 822304 Rev-000.c Note 8 Material Type: 55
the top flange weldment (822058-) during the moduls (82205

5-1) assembly. T
o th d Technigue: Detector Probe | Procedure: TPR-13438 Rev.8 Appendix: D
e lead wires from tha AcoustizEmssion sensor and secondary leg of the LVDT were found ta have grounded out to the top fangs
. . . weldment, interrupting the signal from the sensors. HLD: ASM 310
ea eS I I l Xa I I I I I I a IO I I e O r S MSLD STANDARD | SYSTEM STANDARD HLD2201811
Drawing 822795 shest 3, 20ne A7 shows the Instrumentation routing of the AE sensar and Pressure LVDT. This instrumentation routing STD LEAK: (CLy LEAK: [CLa)
[grounded out to the top flange weldment. .
J— temls) ] tagged and &l 5.34E8 std-coisec 0.06-7 Alm-ceises Temp. Gauge: [T4)
N | r&l[ I SCEL# T35587 SCELE 737344 ?CPG?L;I%:?EIJ
= = Due 1- - 12-14-2024
External Cable Layout = ek Sy i
Repair: The process of restoring a nonconforming characteristic to a -

jcondition such that the capability of an Item to function reliably and
safely is unimpaired, even though that ftem still does not conform to
jthe original

— Non-Conformance Reports e ——___

[emission sensor. Sacrifice ane thermocouple from the second axial stack down from the top of the heat sink assembly, and sacrifice one
thermocouple from the second auial stack up from the bottom of the heat sink assembly. The two sacrificed thermocouples shal be

Pressure Gauge TM101 SC&LE 738320 Due: 11-15-23

Displayed reading {CL1): Displayed reading (CLs):
5.4E-8 sid coisec 1.2E-B Abm ecfees (zero mode)

Items Leak Tested:

Connex connectors (epoxy) Retest from LTR 23-024
04/14/2023
Technical Justification and must be
| The THOR-MOXTOP-1 experiment has extensive instrumentation to manitor temperature, but anly contains two instruments to monitor
rodlet cladding fallure. The Instruments monitoring cladding fallure are the LVDT and acoustic emission sensor which grounded out to the
Because of the significant number of thermacouples contained In the experiment, two of the thermacauples may be sacrificed and i 3 -
me"f:ads may be repum.ed ta fix the lead grounding n?a?muneu in the flallgpe e T e MSLD SYS Pre-test Calibration Data: Tirme: 1300 hrs. Temperature (T:); 24.2°C
thermacauple from axial stack 2 and axial stack & may be sacrificed and the leads used to fix the LVDT and acoustic emission sensor. Both 5 4E Clewm = 106087 |
axial stacks 2 and & will still have 2 thermocouples monitaring the same axlal locations, and 21 thermocouples in whale will still be. Cltw: SAES BOES s 5068 (Zera) | Clo thuwence 5.4E-8/1.1E-8
Inst Sensitivity = 1.0E-09 | Responge 3 sec C\eanup 3sec
Thermocouples "E2” and "E20" were sacrificed and cut. The leads from these thermocoupkes were repurposed ta restore functionality to [The item was evacuated to 3.0E-3 torr and then backfiled assembly to 48.4 psig to achieve approx. 95% Helium
the LVDT pressure transducer and acoustic emission sensor. The leads were connected below the flange using butt splices and were lconcentration. Detector probe distance-speed: distance 063" to contact, Speed 0,8"- Sec, Failed leak test on conax
protected from sharp edges using heat shrink and polylmide tape. After the repair was completed the LVDT primary, secondary, and " N E .3 E
acoustic emission sensor were tested and found to be cperational. See attached pictures and pages from SWI-12082022-1-T8 which fitting with the TC's and the Fiber line at 4.4E-6. All other test boundaries are acceptable at <1.0E-6
repair.

|| Hons Verified System Test Data: Time: 1430 hrs. System Wait time: 30 Min
T —.. hes Sys Background: 5 DE-A Atm colsec (zer) inmu.,ed Leak Rats: 4488 | Temperatre (1y): 242 G
Vs lly, Bryce David [Fastest Calibration Data Time: 1430 hrs
[Technical Authority Engineer . 3 (My:24.2°C _
|Anderson, Klint Stephens Ashby, Reed Carl CLtyz: 5.4E-8/58E-5 | Clobackground = 1.06-0H5.0E-8 |  CLO 1vasonce 5.4E-8/ 1.1E-6
047142023 Da/14/2023 1330 mT Inst Sensitivity = 1.0E-08 Cleanup Time: 3 sec Post-test System Response Time: 3 Sec

48" POLYIMIDE Acceptance Criteria: Wi B804 Rev-000.c =
38" MIN. <10E6Amecees Note 8 Q= 1.0E-9 std colsec
FURCATION R=a
TUBING TEST | €Le | €y | Co | LR | | Leak tast parformed at EIL
ACC | REJ
2T
1 [1.050| 54/58 54153 | a4 | x Leak rate: 4 4E-6
Responsible Persons: Todd Birch
Gold Fiber to Heat Sink. R i
FLANGE CONAX -|='1-J Splice Polyimide to Gold Fiber Jayde VanOrden NDE QA MSLT LVL Il 04-13-24 NDE Laval I

CAP AND INTERNALS Below Capsule Top in [ExaminenNDE Tille PinType s —
- o e 4122
Approximate Location Shown, [Examiner Signalure p. 4 3

FLANGE ASSEMBLY —I CONAX C4 IN
Mot all components are shown. CAPSULE TOP

THOR MOXTOP Supplemental Work Instructions IDAHO NATIONAL LABORATORY




3-Month-Long THOR MOXTOP (Mixed Oxide Fuel) Video
of Assembly & 60 seconds of Data from TREAT

Temperature {K)

THOR-C-2/THOR-C-5 MTOP

—Over Temp #1
—Over Temp #2|
E01
—E02
—E03
E04
—E05
s —E06
o —E07
5 E08
5 E09
® E10
g E11
£ —E12
i E13
E14
E15
E16
E17
100 e
0 . . — . —E20
0 10 20 30 40 50 —E21
Time (s) Power
0.16
wuwm\ﬂq N
015 | H‘ /N
/
I /
i [
5 o014 | | —_voT |4
8 |
| s‘
/
013 | M
“v‘u
0.12 L L L
19.3 19.35 194 19.45 19.5
Time (s)
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Advanced Test Reactor (ATR) and Critical (ATRC) Facility
Gamma Tube, Radiation Measurements Laboratory
(RML), Test Train Assembly Facmty (TTAF)

Outer shim

Reactor Type cylinder drives
Pressurized, light-water moderated and —
cooled; beryllium reflector S
250 MWt design g orves
» Reactor core
Reactor Vessel i
3.65 meter diameter cylinder, _
. . In-pile tubes
10.67 meter high stainless steel entrance/exit
piping

Maximum Flux, at 250 MW
1 x 1015 n/cm?-sec thermal
5x 10'* n/cm?-sec fast

Neck shim and
i regulating rod
S drives

Reactor Core
40 fuel assemblies
U-Al plates — 19/assembly

IDAHO NATIONAL LABORATORY

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



B ATR / ATRC* Test Positions

* Testsize —1.22 m
length, 1.27 to 12.7 cm
diameter

« /7 Irradiation Positions

» Rotating Hafnium
Control Cylinders —
symmetrical axial flux

* Power/Flux Adjustments
(“Tilt”) across the Core -
< 3:1 ratio

Large Loop

Irradiation’

Facility
H Position

Position
(3.81 cm)

Large I
Position
(12.7 cm)

Outboar

dA
Position

* Power in the four lobes
of the “clover leaf’ can
be adjusted
Independently — almost
like four separate
reactors

1

(8.89
cm)

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

Trradiation Facility

Medinm

Position

Small B Position
(2.22 cm)

Fuel Element

Neck Shim Rod

Small I
Position | L
(3-81 SEB}theast Flux

Trap Irradiation =
Facility
(12.7 cmoor 5" &
diameter)

i, 8

ATR core (left) & ATRC core (right)

Reflector ‘;:"" B
Neck

Shim Rod
Housing

{ Booster fuel in I11
Sensortestrig

Inboard A
Position
(1.59 cm)
Core

Reflector

East Flux Trap

Irradiation Facilities
(7.6 cm or 3" diameter;
7 positions each.1.58 cm)

Neutron Detector Testing in ATRC

*all test positions not available in ATRC IDAHO NATIONAL LABORATORY



- Instrumented Test Assembly and installation example
Advanced Gas-cooled Reactor 9/6/7 -

https://gain.inl.gov/SiteAssets/2020SensorTechnologiesWorkshop/Presentations_SensorTechnologiesForAdvancedReactorsVirtualWorkshop_130c¢t2020/05-Palmer_AGR-
567InstrumentationDevelopment_130ct2020.pdf

IDAHO NATIONAL LABORATORY



- Neutron RADiography Reactor (NRAD) Facility

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

g Neutron flux sensor

__# installation in NRAD (left)
and testing outside NRAD
in transfer tunnel (right)

Large-Loop
Handling Maching
and Insertian Cell

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

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/ Noutren Baiograghty



‘ 90% design completed for MARVEL microreactor

MARVEL Reactor Attributes

— Sodium-potassium cooled reactor with natural circulation
cooling

— Operating temperature of 500 - 500°C

— 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

Reactor in TREAT storage pit

NUCLEAR

MARVEL will be available fo researchers once it is operational

MARVEL microreactor Pl st the National Technical Director ar Technical Lead
https://www.energy.gov/ne/articles/marvel-microreactor-reaches-final-design-step for move information.

https://gain.inl.gov/SiteAssets/MicroreactorProgram/MARVEL_Fact_Sheet R15.pdf



- Final Notes & Recruitment

 INL has unique capabilities for sensor design,
development, fabrication, assembly,
characterization, deployment in both non-

INL IS WHERE YOU BELONG

nuclear and irradiation experiments while also L provides safer, better, stronger / gcrcAptety
. . T . solutions to advance energy e
fostering a variety of commercialization and enhance life. '

a Ct VI t Ies Opportunities available for interns,

postdocs and full-time positions.
Come be a part of our extraordinary team.

« MSL welcomes instrumentation-focused i
collaborations with visiting researchers, S 6o Noford Loborstry T
students, vendors, etc.

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

Nuclear Instrumentation Engineer (INL)
Troy.Unruh@inl.gov
W (208)-526-6281
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