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Motivation: Online monlforlng of fuel rod ’remperature

and pressure without requiring sensor penetrahons

e Goal: Insitu data from LTRs

— Assist in qualification of accident
tolerant fuel or burnup extension

e Insfrument leads complicate

fuel handling

e Wireless transmission would

be extremely advantageous

— Encouraging results from MITR testi
- Needto demonstrate at high

ng

neutron fluence under relevant fuel

operating conditions
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WIRE-21: HFIR's most highly insfrumented experiment Ci?l-lSUr g

* Primary goal: Iradiate WEC's
wireless temperature &
pressure sensors at LWR
temperatures

» Broader goal: Developa >0

platform for economical,
accelerated testing of
advanced sensors

- Thermocouples (14)

— Distributed fiber optic
temperature sensors (8)
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- Self-powered neutron
detectors (4)

HFIR Elevation (cm)
—
o o

— Passive SiIC temperature
monitors (38) and flux wires (4)
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« Completed3 HFIR cycles
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WEC's inductively coupled sensor technology

Wireless transmission to passive circuit with varyingresistance (RTD on fuel
surrogate) orinductance (core driven by metal bellows)

Reference inductors account for effects of radiation, inductortemperatures

Similar fast neutron flux for both sensors (~1.6-3.3x10'4 n/cm?2/s)

Thermal neutron flux much larger in temperature sensorvs. pressure sensor
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Operation

3 HFIR cyclescompleted, 75
effective full powerdays

» Peak neutron fluence
— Fast (E>0.1 MeV): 3x102! n/cm?2
— Thermal (E<1 eV): 6x102! n/cm?

* Achieved target of ~300-400°C

All 10 sheathed TCs survived

2 exposed TCs inside WEC sensors
failed

Lower temperatures above active
fueledregion (>25 cm)

Initialincreases thought to be caused
by compaction of graphite holders
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WEC'’s sensor response during 15t HFIR cycle

e Sensors responded
during ascent to full
power

e Response not
exactly as expected

but stabilized at
stfeady state
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WEC's response during pressure/temperature tfransients

© 2022 Westinghouse Electric Company LLC. All Rights Reserved
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Temperature transient during 2"9 HFIR cycle

« Signals dropped
relatively quickly
during the first
cycle

- 6.5V after 15t cycle
fransientto 0.35V

o Sensor still
responded as
expected to @
temperature
transient
performedin the
2nd cycle
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WEC Sensor Temperature sensor (TS) e
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WEC Sensor Inductance Evolutions

4F e ~1.0?( reductions in inductgnce.wiihin 2 days, with
o s ] minimal (~10%) changes in resistance
Sasol L S i « Not observedin previous MITR tests at lower flux
3%:300_ foL ‘ : * More significantin inductors with higher thermal flux
[N ' : C .. o Similarfast fluxin all inductors
gzoo- "ot . * Recovery after reactor scram only observedin 2
ol g inductors tested af lower thermal flux
100 o AllexceptRx1inPS (~25 cm, ~150°C) ran at ~200-

10 0 position (o) 20 30 300°C during initial drop ininductance
- Temperature effects should also recover
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Fiber test matrix

Goalis to understand
differences in signal

attenuation and drift Ge-doped SiO, core, pure SiO, N/A

at high neutron cladding

fluence Tvpe |

«  Fibers with and F-doped SiO, core and cladding with 1% reflec"rivi’ry,

Type Il gratings

without gratings ~65 mm spacing

« Singlemode and

hollow core fibers Type I, ~0.5% reflectivity,

. . with Type Il gratings ~10 mm spacing
« Varying fiber
dOpOﬂTS (F' Ge) Ge-doped SiO, core, pure SiO, Type |,
. \/ering groﬂng cladding with Type | gratings <0.1% reflectivity, ~10 mm spacing

types (Type | and |l

Hollow core photonic

crystal fiber e
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Resulls: Good and Bad News for F-doped Fibers

. 2 - 0.13
Type Il FBGs in F- — F-RBS: 19 cm
—80 97 doped fiber E-RB§~0-cm
— Ge-RBS: 19 cm
Ge-RBS: 0 cm — 0 - - 0.00
—90 -~ —— F-FBG: 19 cm =
= 2
A
< —100 7 < 2 4 L _0.13
> <
S —110 A “E
-'p L]
= F-doped fiber 0 —4 1 - -0.25
= —120 A E
< = §
—130 - o, —6 - -0.38
N —— Thermal (2 cm)
—— Compaction
—140 - = Thermal + Compaction
........................................................................ - —8 1 — F.RBS: 0 em - -0.50
I I I I I I I I T T llllll'l T T llllll'l T T LI B B B B
Pre 0.0 0.2 0.4 0.6 0.8 1.0  Post 1018 1019 1020 1021
Neutron Fluence, ¢ 45t (nfast/cm? x1071) Neutron Fluence, ¢ o5t (nqst/cm?)
Measured speckalshis emperatures) deviatetrom
amplitudes at high neutron fluence P g

(suspected fiber coating effect)

C.M. Petrie and D.C. Sweeney, “Enhanced backscatter and unsaturated blue wavelength shiftsin F-doped fused

OAK RIDGE silica optical fibers exposed to extreme neutron radiation damage”, J. Non-Cryst. Solids 615 (2023) 122441
%Naﬁ,,nal Laboratory doi.org/10.1016/j.jnoncrysol.2023.122441

Fractional Shift (%)



| —— Pre-irradiation
—— 0.3x10" n/em

Results: Gratings

2

— &1 1t Si0, core fiber
—— 8.3x10"° nfem’

| — 9.8x10" niem’

Core dopantsand FBG ¢ ™
type have strong effect  § -
on FBG stability .
« Typel FBGsin Ge- .

doped core fiber
erased within 2 days of -100
iradiation (hot shown)

« TypellFBGs in pure
SiO, core fiber
affenuated >40 dB
during firstcycle

 Type llFBGs in F-doped
core fibersurvived
entire experiment but
still drifted significantly
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D.C. Sweeney et al., “Analysis of WIRE-
21 SPND and Optical Fiber Sensor
Measurements”, ORNL/TM-
2023/2024(2023)
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https://doi.org/10.2172/1997703

Summary

Novelty

 Most highlyinstrumentedexperiment everconducted in HFIR

« WEC's wireless sensor exposure equivalentto ~1 PWR operating cycle
* Fiberoptics tested under highest neutron flux everreported

o It evertesting of SPNDs in HFIR

Results

« WEC sensors performed as expected during installation and startup

- Change in inductance, due to degradation in permeability of feromagnetic rod,
during the first few hours of testing was greater than expected, reducing coupling
sensitivity between tfransceiver and sensor

- Not observed in MITR or Halden Reactor (lower neutron flux)

— Plan to investigate potential degradation mechanisms (fransmutation vs.
displacement damage)

 Initialfiber optic results show very strong signals but prohibitively large drift
— Fiber tfransmission and FBG performance strongly depend on fiber dopants
- Ongoing ASI efforts to understand effects of fiber coating on observed drift

 SPND and thermocouple data willbe useful to compare with passive
measurements (SiC temperature monitors, activation wires) under AS|
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