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Potential Nuclear Applications of Optical Fibers St
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Challenge: Signal Attenuation and Drift

Signal attenuation could be a show-stopper Fused silica compacts ~2% under neutron irradiation
« Existing data at moderate neutron fluence and low « Temperature-dependent, saturates at ~102° n/cm? [2]
temperature (<100°C) [1] » Results in significant sensor drift
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[1] G. Cheymol et al., IEEE Trans. Nucl. Sci. 55 (2008) 2252-2258
[2] C.M. Petrie et al., J. Non-Cryst. Solids 525 (2019) 119668.




WIRE-21: HFIR’s Most Highly Instrumented Experiment
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o °x
temperature & pressure sensors at LWR 2
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ASI| Supported the Analysis of All Fiber Optic Data
| Descripon | Gratings

Pure SiO, core, F-doped SiO, cladding

Goal is to understand
differences in signal

. . N/A
aFtenuatlon and drift at Ge-doped SiO, core, pure SiO, cladding
high neutron fluence
 Fibers with and T 1L

K

F-doped SiO, core and cladding with Type

without gratings ~1% reflectivity,

_ Il gratings » :

« Singlemode and 65 mm spacing

hollow core fibers

. : Pure SiO, core, F-doped SiO, cladding Type Il, ~0.5% reflectivity,

* Varymg fiber dopants with Type Il gratings ~10 mm spacing

(F, Ge)
* Varying grating types Ge-doped SiO, core, pure SiO, cladding Type |,

(Type | and Il) with Type | gratings <0.1% reflectivity, ~10 mm spacing

Hollow core photonic
crystal fiber N




Some Data Can Only be Analyzed Using ORNL’s Adaptive Reference Techniques

3.) Generate Pearson
correlation coefficient
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Results: Good and Bad News for F-doped Fibers
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Results: Gratings
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D.C. Sweeney et al., “Analysis of WIRE-21 SPND and Optical Fiber Sensor Measurements”, ORNL/TM-2023/2024(2023) doi.org/10.2172/1997703
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Results: Hollow Core Fibers May Not Be a Silver Bullet
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Concluding Remarks

Analysis of the WIRE-21 optical fiber data reveals several interesting
phenomena under extreme neutron flux/fluence

Ge-doped fibers, with or without Type | FBGs, are not suitable for in-core
applications (>10° n.,/cm?)

Pure SiO, core, F-doped SiO, cladding fibers showed higher reflected
intensities after ~102" n.,./cm? than before irradiation

Type Il FBGs in the same fiber were essentially erased after ~10%! n,_,/cm?

Type Il FBGs are much more radiation tolerant when inscribed in fibers
with F-doped SiO, core and cladding

All fibers showed significant drift that cannot be explained by radiation
effects in SiO, (suspected coating effect to be studied in FY24)

Hollow core fibers showed significantly reduced

backscattered intensities during irradiation (may not be a Chris Petrie g:,?cﬂfr
silver bullet) but it is difficult to draw conclusions on their SRy S i

transmission properties W (865) 576-0827 | C (419) 410-4135
ORCIiD: 0000-0003-1167-3545
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