Research and Development Related to the Accident at TEPCO’s Fukushima Daiichi NPS

1-9 Novel Single-End Readout-Type Optical Fiber Radiation Sensor

— Highly Sensitive Position Detection by Photon Wavelength Analysis Using a New Spectroscopy System —
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Fig.1-19 Single-end readout-type position-sensitive optical
fiber radiation sensor

(a) System configuration and (b) photograph of the detector. The
light emitted at the plastic scintillation fiber was transmitted to
the photon-counting head via bandpass filters and quartz optical
fibers, providing a remarkable improvement in detection efficiency.

We are developing a method to measure the distribution
of radioactive material using optical fibers to reduce worker
exposure in the decommissioning environment of the TEPCO’s
Fukushima Daiichi NPS (1F). Optical fibers are used not only
as light transmission paths, which is their general usage, but
also in many applications where the optical fiber itself is used
as a radiation sensor. A typical example is the time-of-flight
(TOF) method; this method is used to determine the incident
position of radiation to the fiber from the time difference of
the light reaching both ends of the fiber. However, for the TOF
method, light should be detected at both ends of the fiber; this
requirement is unsuitable for applications such as inserting a
sensor into a narrow space with a high dose rate. To solve this
problem, we developed a single-end readout-type position-
sensitive optical fiber radiation sensor in collaboration with
Nagoya University and attempted to verify its principle. In
this study, we aimed to improve the detection efficiency of the
single-end readout-type position-sensitive optical fiber radiation
sensor based on a new spectroscopy system to broaden the range
of applications.

Fig.1-19 shows the system configuration of the detector. In
this detector, the light emitted at the plastic scintillation fiber was
transmitted to the photon-counting head (a photomultiplier tube)
via bandpass filters and quartz optical fibers, and the photon
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Fig.1-20 Field experiment at the difficult-to-return zone in
Fukushima Prefecture

(a) Images of three measurement conditions, (b) count rate
spectra for the three measurement conditions, (c) comparison
between the dose rate distribution measured using the survey
meter and that estimated using the optical fiber. With the newly
developed single-end readout-type optical fiber radiation sensor,
we successfully detected hot spots of less than 100 pSv/h.

count rate was measured. Here, the bandpass filters transmitted
light only with a specific wavelength. By sequentially replacing
the bandpass filters (transmission wavelengths: 450 nm, ... ,
550 nm), a count rate spectrum reflecting the wavelength
dependency of light attenuation in the optical fiber was obtained.
This helped realize a highly sensitive single-end readout type
optical fiber radiation sensor using the unfolding method (a type
of inverse estimation method). Fig.1-20 shows the result of the
demonstration test in the outdoor environment of the difficult-
to-return zone in Fukushima Prefecture. The hot-spot locations
with a maximum surface dose rate of less than 100 uSv/h were
roughly detected under three measurement conditions. These
results suggest that the detection limit improved remarkably; it
was previously several tens of mSv/h. These improvements in
the detection limit and demonstration in the outdoor environment
are promising results that will lead to the practical application
of this sensor in the reactor buildings of the 1F.
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