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Investigation of radiation-induced reaction process of supercritical water for
fundamentals of water chemistry in the next generation water-cooled reactor

Muroya, Yusa
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It is of great importance to understand and control chemical environment of
cooling water for long-term sustainability of water-cooled reactors. In radiation field, water is
decomposed to form oxidative products which initiate undesirable effects on the structural materials

such as SCC, transportation of radioactivity. Therefore, to understand the fundamental process of
the radiolysis of water is indispensable on the support to water chemistry. Nevertheless, radiation
chemistry of water at high temperature / high pressure condition (HTHP), or even supercritical
regime are not established yet. In this project, it was developed a new HTHP ultrafast transient
absorption spectroscopy system, which enables to measure radiation-induced fast process in
supercritical condition. Accordingly, numerical reaction kinetic simulation codes were also
developed. By using both approaching methods, the reaction mechanism involving important element
reactions was investigated.
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Fig. 1. Advanced picosecond- and nanosecond-
pulse radiolysis systems for studying radiation
induced fast processes of high temperature- and
supercritical- fluids.
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Fig. 2. Flow-type HTHP system for pulse
radiolysis experiment.

®6 mmx15 mm

2mm
HPLC
500 °C
40 MPa
H20 &
3
430 1100 nm
0 2667 ps

1 3
350 °C /

Fig. 3. Two dimensional picosecond transient
absorption signal of the hydrated electron at
room temperature condition (21 °C / 25 MPa).
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Fig. 4. Temperature dependent optical spectra
of the hydrated electron from room temperature
to subcritical regime (60 ps after irradiation).
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Fig. 5. Time behaviors of €, at elevated temperatures k=4.5x104
up to supercritical regime(420 °C, 40 MPa) k ~2x103
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Fig. 7. Arrhenius plot of the evaluated rate
) ) : ) constant (H + H,O) at elevated temperature
Fig. 6. Density dependence of psyields (relative to evaluated by HTHP pulse radiolysis and spur

room temperaiure) of € a supercritical state, af diffusion model simulation taking dose rate
various temperature and pressure conditions. effect into consideration
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