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In the decommissioning of the Tokyo Electric Power Company HD Fukushima Daiichi nuclear power plant,
investigations inside primary containment vessels (PCVs) have been conducted for fuel debris removal, and identification of
contaminated water leakage location is required in addition to determining the fuel debris distribution. The objective of this
dissertation is development of the system for detecting of the contaminated water leakage position in the PCVs. In this
dissertation, the ultrasonic velocity profiler (UVP), which is a promising flow measurement method using ultrasonic waves
even in a high radiation, dark, and turbid water environment in the PCVs, was used. By extending the conventional UVP to
wide dynamic range measurement, the system was applied to leakage detection and flowrate estimation based on
contaminated water flow information. For the measurement of a leakage flow that forms three-dimensional flow from low
velocity to high velocity, a three-dimensional flow measurement method with a wide dynamic range was developed. To
realize the wide velocity range measurement, a measurable velocity range extension algorithm using in-band phase
information of echo signals was developed, and its performance was verified. In addition, to extend the measurable distance,
a pulse compression method was applied to the UVP measurement. This method uses modulated pulses as the transmission
pulse and conducts the matching process with the transmitted waveform and the received echo signals to enhance the
signal-to-noise ratio that decreases due to distance attenuation of ultrasound. To apply this method to the UVP, a new UVP
measurement hardware was developed, and its effectiveness for the long-distance measurement was verified. Furthermore, to
extend the conventional one-dimensional UVP measurement to three-dimensional measurement, the three-dimensional vector
UVP measurement system was developed. The system consisted of a transducer array system and the flow velocity vector
reconstruction algorithm, and its validity for detection of leakage locations and estimation of flowrate was confirmed with

the experiment of the simulated leakage flow measurement.
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