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The Harsh Sensor’s Environment

High Radiation during production
– 1E8 up to 1E11 Rem/hr at 1.4 MW (2 MW 

upgrade)
– typical rad level of 10E9 Gy overits lifetime



The Harsh Sensor’s Environment

Intense electro magnetic 
interference and ionizing radiation

High dynamic range due to pulsed 
phenomena

Mechanical
– Pressure wave
– 60% of beam energy deposited in

target
– The isochoric (constant volume) 

energy deposition leads to formation 
of tensile pressure waves in the 
mercury

Front body & beam windows, ¼ section 
Stress intensity [Pa]

Solution method: B.W. Riemer, Jnl. Nucl. Mat. 343 (2005) 81-91



rget module: A stainless steel vessel containing mercury
Beam power 1.4 MW

Beam frequency 60 Hz

Beam pulse length 700 ns

Module material AISI 316L

Mass (empty) ~1,100kg

Mass (filled) ~1,900kg

Length ~2.1 m

Mercury vessel



Cavitation Erodes nner Surfaces
Outer Wall Inner Wall

aves cause regions of
negative pressure

Figure Credit: P. Rosenblad

ercury change phase to gas
When the gas collapses back to liquid, shock and liquid jets are
created

The shock and jets erode the stainless steel vessel
10



nstalla

• erent types of fiber
ested

• doped singl
RRSMFB

•

• Mounting SS vessel
st 2850FT e 
catalyst 11

• Installed in a 3mm gap
interstitial space



Epoxy



ignal interrogation – low coherence interferometry

Fiber SensorLow-coherence

InterferometerInterference Signal

l/2

OPD

Y. Liu et al. “Radiation-Resistant Fiber Optic Strain Sensors for SNS Target Instrumentation”, 
Proceedings of IPAC2016, Vol. 21, NO 23, 202113



Signa interrogation – optical setup

S. Murray

Y. Liu et al. “Radiation-Resistant Fiber Optic Strain Sensors for SNS Target Instrumentation”, 
Proceedings of IPAC2016, Vol. 21, NO 23, 2021



ransmission ehavior vs radiation

Y. Liu et al. “Radiation-Resistant Fiber Optic Strain Sensors for SNS Target Instrumentation”, 
Proceedings of IPAC2016, Vol. 21, NO 23, 202115
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Y. Liu et al. “Upgraded Fiber-Optic Sensor System for Dynamic Strain M 
Spallation Neutron Source”, IEEE Sensors Journal, Vol. 21, NO 23, 2021

easurement in
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Y. Liu et al. “Upgraded Fiber-Optic Sensor 
System forDynamic Strain Measurement in 
Spallation Neutron Source”, IEEE Sensors 
Journal, Vol. 21, NO 23, 2021



easurements Corrections

Y. Liu et al. “Upgraded Fiber-Optic Sensor 
System forDynamic Strain Measurement in 
Spallation Neutron Source”, IEEE Sensors 
Journal, Vol. 21, NO 23, 202118



diation Induced Attenuation vs Radiation

Sensor located S ensor located in
radiation zone 
target)

in high 
front of moderated radiation zone 

back of target)

Y. Liu et al. “Upgraded Fiber-Optic Sensor System for Dynamic Strain M 
Spallation Neutron Source”, IEEE Sensors Journal, Vol. 21, NO 23, 2021

easurement in
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What does the strain reduction mean to target 
longevity?

• Reduced stress means 
longer fatigue life

• Complicated by
– Cavitation damage
– Cracks and wear in target
– Combined pulse and thermal 

stress cycles

Cycles

Stainless Steel Fatigue Curve
20
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otential Application to Cryogenic Systems:
Conceptual simplified system

L. et al. 
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V&V of strain rediction with gas injection

new simulation technique was developed to predict strain response of
target with gas injection

agrangian approach using
equations to account for gas phase

Hao Jiang *, Drew E. Winder, Charlotte Barbier, Bernard W. Riemer, Implementing mercury bubble material model in the pulse simulation to predict strain 
on the Spallation Neutron Source target vessel with gas injection, Submitted23



Summary

• The ORNL’s SNS has tested various optical sensors for the last 7+ 
years
– Commercial
– In-house development

• Fiber materials have proven to be a limitation for long term 
harsh environments, such as high-power targets

• The single point strain measurement sensor systems developed 
at the SNSprovide a customized high sampling rate and 
radiation resistance solution for target strain measurements

• SNS’s data on RIA is available in the literature for pulsed sources 
with radiation levels as high as 10E9 Gy
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Questions?

Thankyou !

dominguezoee@ornl.gov
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