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Abstract

Safety is a critical issue in the nuclear power plant. Unexpected failure due to aging
deterioration of nuclear power plant components may lead to serious consequences. On the
other hand, in the disposal of nuclear waste, the containers for long term storage may also
subject to degradation due to radiation and corrosion. If the integrity of these structures
can be monitored reliably, the danger of castastrophic failure will be greatly reduced.
Conventional sensors for structural integrity monitoring such as strain gage will undergo
rapid degradation in a corrosive and/or radioactive environment. On the other hand, glass
optical fiber, being made of silicon dioxide, is more resistant to corrosion and radiation.
Fiber grating sensor can be used under high temperature, has a good long term stability

and is immune to electromagnetic interferences.

Currently a series of problems still needed to be overcome for optical fiber sensors to



be practical for structural integrity monitoring. Current interrogation systems for optical
fiber sensors are delicate, expensive and slow in response. Moreover, the signal from a
fiber grating sensor will be affected both by a change in strain and a change in temperature.
Differentiating the contribution from temperature and strain is not a straightforward
business. Besides these technical issues, the long term effect of radiation on the fiber
sensor is still unclear. The current project aims to tackle the latter problem with the
intention to make the application of fiber grating sensors for nuclear structure integrity

monitoring practical.

In the first year of the project, the ability to fabricate fiber grating sensor and to obtain
sensible signal from it has been established. The effect of radiation on fiber strength and
sensor responses has been studied. It has been found that the fiber strength falls with
increasing amount of radiation. It was also found that fiber painted with a 2% silane
solution was always stronger than the untreated fiber under the same amount of irradiation.
Cross examination showed that silane did not protect the fiber from radiation damages.
Rather, it shielded the fiber against environmental damage so that the treated fiber was

always stronger than the untreated.

With respect to the Bragg reflection spectrum of the FBGs, it was found that
irradiation (i) sharpened and (i1) reduced the intensity of the reflected spectra. After a
irradiation dose of 60 Gy, the intensity of the reflected peak is still comfortably
measurable and so it is highly likely that fiber Bragg grating sensors may be used for

structural health monitoring in radioactive environments.

Keywords optical fiber sensor, fiber Bragg grating, structural health monitoring,

irradiation effects.
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2%Silane

1000mGy 10Gy 30Gy OmGy
(MPa) 330.5 317.3 327.7 397.8
% 83.1 79.8 82.4 100
2%Silane
1000mGy 10Gy 30Gy
2%Silane 2%Silane 2%Silane 2%Silane
351.5 397.8
(MPa) 305 330.5 285.3 317.3 291.9 327.7
%
’ 13 8.3 112 12.3
7a b 3mGy 60 Gy
A7 15 dB 3mGy
12.5 dB 7.5Gy 5 dB
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