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Project Overview

» Goals and Objectives

Investigate the in-pile performance of sapphire optical fiber
temperature sensors and to develop clad sapphire optical
fibers for in-pile instrumentation. Evaluate the distributed
sensing performance of the sensors through optical
backscatter reflectometry under combined radiation and
temperature effects, and high fluence.

— Objective 1: Fabricate sapphire optical fiber sensors.

— Objective 2: Evaluate the clad sapphire fiber to verify single-

mode behavior and determine and characterize light modes
supported by optical fibers.

— Objective 3: Characterize in-pile temperature sensing of
sapphire optical fiber and combined temperature and
irradiation effects.

— Objective 4: Evaluate the lifetime and sensing performance of

the sensor under irradiation to high neutron fluence.

« Participants (2020)

— Idaho National Laboratory: Lead organization
* Dr. Joshua Daw, Kelly McCary

— The Ohio State University
¢ Dr. Thomas Blue, Josh Jones, NRL

— The Massachusetts Institute of Technology
« NRL

— National Energy Technology Laboratory
* Dr. Michael Buric
— Oak Ridge National Laboratory
» Dr. Christian Petrie
— Luna Innovations and the University of Pittsburgh
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e Schedule

Tasks TaskTitle

FY2020

Oct. Nov. Dec.

Jan.

Task1 Clad Sapphire Optical fiber

Feb. Mar.

Apr.

May Jun. Jul

Aug.

Sep.

1.1 Procure sapphire fiber from NETL

1.1b Procure sapphire from commercial company
1.2 Inscribe Sapphire with laser

1.2b Inscribe Sapphire with laser (commercial)
1.3 Prepare fibers for irradiation
1.4 Trradiate Sapphire fiber samples

Task2 Characterize Sapphire Fiber

2.1 Out of Pile Testing

Task3 OSURR Iiradiation

3.1 Design Heated Experiment
3.2 Prepare Sensors for Irradiation

3.3 Irradiate (Heated) sapphire sensors May 11th start
Task4 Data Analysis

4.1 OSURR Data Analysis

TaskS MITR Iiradiation

5.1 Experiment Design
Quarterly Internal Reporting
Deliverable 1: Sapphire Fibers

Deliverable 2: FY20 Annual Report
Tasks TaskTitle

FY2021

Oct. _Nov. Dec.

Jan.

Feb.

Mar. _Apr.

Task1 Clad Sapphire Optical fiber

May Jun. Jul

Aug.

Sep.

1.2b Inscribe Sapphire with laser (commercial)
1.3 Prepare fibers for irradiation
1.4 Irradiate Sapphire fiber samples

Task2 Characterize Sapphire Fiber

2.1 Out of Pile Testing

Task3 OSURRIrradiation

3.2 Prepare Sensors for Irradiation

3.3 Iiradiate (Heated) sapphire sensors May—Hth-start

Task4 Data Analysis

4.1 OSURR Data Analysis

TaskS MITR Irradiation

5.1 Experiment Design

5.2 Prepare Sapphire Sensors

5.3 Irradiate Sensors
Quarterly Internal Reporting
Deliverable 1: Experimental Data
Deliverable 2: FY21 Annual Report
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Tasks TaskTitle

FY2022

Oct. _Nov. Dec.

. Feb.

Mar. Apr.

Task4 Data Analysis

May Jun. Jul

4.2 MITR data analysis

TaskS MITR Irradiation

5.3 Irradiate Sensors
Quarterly Internal Reporting

Deliverable 1: Journal Paper
Deliverable 2: Final Report
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Accomplishments

* Fiber procurement
 FBG inscription
* Fiber cladding

irradiations
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Technology Impact

« This research advances nuclear technology by characterizing and
demonstrating a sensor technology with the potential to make
measurements with unprecedented spatial and temperature
resolution at higher temperatures than prior optical sensors. This
technology can also be applied to measurements other than
temperature.

« This research supports the DOE-NE research mission by enabling
high fidelity measurements in irradiation experiments in more
extreme conditions than previously possible.

« Impacts the nuclear industry by decreasing the time to qualification
of new reactor concepts, fuels, and structural materials.

« Commercialization is underway by Luna Innovations. This research
represents the opportunity to close technology gaps and
demonstrate the potential of sapphire optical fibers.
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Accomplishments (1/2)

 Pre-clad
characterization of
fibers

OBR scans
Microscope pictures
IR imaging

i
Amplitude Amplitude .
m dB/mm TGN
7oA 00000ERD 13 ) 33545120 0.00000E+0 V2
10&6“)7’9["; nwm{:o avy -88.49944E-3  0.00000E+0 dY
.65
L RetLoss(dB)  -65.39178)
Ret Loss(dB) | 5447142 Ret Loss(dB) |-67.21307

Ret Loss{dB) | -76.95014 , e
Diff Loss{dB) | -11.23936 Diff Loss(dB)  -0.91064

g

Amphitude (dB/mm)
g
Amplitude (dB/mm)

71329 72000 7250 73000 7350 74000 74500 75000 7550 76000 760 77000 77500 00 ) : B LU o £ EOUEE I e
EE FEEMET M WY =l 1 P T (G et (m) ]| Group Index IERTTT
[Toace AT 5] 0 Tinear Ampitade [0 caue ... S Return Loss v
8.50000E:5- .
B000D0ES ST
7.50000-5 -

= _ W firt ! “

..“1} W

' 6.00000€ 5-
£ 55000085
S 50000065~
3 4.50000E-5-
'S 4.00000-5-

= =i 4“ l)yn\ h n

-65.0000-

~70.0000-

Return Loss (dB)

5
= 250000€-5- -85.0000-

2.00000E-5
-90.0000-

“’\ ”Hq W ““J\\Jlm' ‘ll N”('I

|
1.00000E-5 r u ‘ i e
)O?;f;::wmwmmm_‘ ‘»Lwo N»Jb“J | whwwmnm sttt A W -100.00- :

1.50000E-5

1530.0000 15400000 1550.0000 15600000 1570.0000 1590.0000 16000000 16100000 16160813 1530.0000 1540.0000 1550.0000 1560.0000 1570.0000 1580.0000 15900000 1600.0000 1610.0000 1616.0813

BRI e =] th (nm) ] 1 P O

5 energy.gov/ne



Accomplishments (2/2)

¢ H eated I rrad iati O n at OS U RR Table 2: NRL Irradiation Facility Dimensions

— MoSi, heating elements, capable of ™" e menser
up to 1500 C i 2l
— Fits in the 9.5-inch dry tube at PR R o ol
OSURR Z{pr’;jg;)t’s&mp o et S ik
_ 1.5-inch ID for samples e R —

Beam Port #2 (BP2) External ~30 mm Diameter
Beam Line Facility

o OSURR Dry Tu beS: Thermal Column 4" x 4" Square/Stringer
— 6.5-inch and 9.5-inch ID

— Next-to-core position: neutron flux
up to ~10'? n/cm?/s

— The shielding plug for each tube
has a cableway that allows cabling
out of the dry tube to enable in-situ
measurements from instrumented A
experiments

— Cryogenic up to 1600 C reactor.osu.edu
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Conclusion

Year one progress was limited to procurement, inscription,
and cladding of single mode sapphire FBG sensors for out-
of-core characterization and heated irradiation tests. The
design of the heated irradiation was also completed. This

research closes a technology gap limiting optical fiber use
for high temperature, high fluence irradiations. This will

provide a valuable new capability which will help expedite
qualification of new fuels, materials, and advanced reactor

designs.
* Questions?
« joshua.daw@inl.gov
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