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Abstract

To enhance the monitoring capability of environmental water radioactivity and enable rapid warning of nu-
clear accidents, an online water radioactivity measurement system adaptable to various working conditions
has been developed. The system is designed based on a large-volume, low-background lead-shielded structure
and can be configured with either a high-purity germanium (HPGe) or cerium bromide (CeBr3) detector flexi-
bly according to monitoring requirements. Through numerical simulation, the detection efficiency for gamma
rays of different energies and the minimum detectable activity concentration for typical radionuclides were
determined. The results show that for common artificial radionuclides such as 1311, 60Co, and 137Cs, the
minimum detectable activity concentration of the system is below 0.02 Bq/L under normal operating condi-
tions. Using the decay schemes of radionuclides and the natural decay chains, the total o and total f} activities
contributed by natural radionuclides in water were further calculated. The online measurement results were
validated using a low-background gas-flow proportional counter, and the average relative errors were 12.6%
and 4.5% for total o and total p measurements respectively, indicating good consistency. The monitoring sys-
tem offers two installation options: station-based and vehicle-mounted. It has been practically deployed at
key locations such as drinking water sources, the Yangtze River basin, and nuclear facility discharge outlets,
and has been incorporated into the nuclear emergency system of Sichuan Province, addressing engineering
challenges related to rapid measurement and stable operation in complex environments.
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