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Application of Combined Membrane Process in Radioactive Wastewater Treatment in

Nuclear Power Plants

Xiong Kouhong', Shen Enwei', Ding Zhenjie” *, Gu Yuelei’, Lin Xing’
(1. Nuclear Power Operations Research Institute, Shanghat 200100, China;
2. Eighth Research Institute of Nuclear Industry, Shanghai 201800, China)

Abstract [ Objective] Over the years, the treatment of radioactive wastewater from nuclear power plants has primarily relied on
traditional processes such as chemical precipitation, ion exchange, and evaporation concentration. These methods generally have
problems including complex processes, limited treatment accuracy, and a high tendency to cause secondary pollution, making it
difficult to meet the increasingly stringent green discharge requirements. [ Methods ]  Therefore, this paper introduced an effective
method for treating low-level radioactive wastewater from nuclear power plants using membrane separation technology. This method
achieved comprehensive treatment through the combination of ultrafiltration, nanofiltration, reverse osmosis, adsorption, and other
components. This paper utilized actual radioactive wastewater from a nuclear power plant to investigate the removal efficiency of key
radionuclides, the reduction of total vy specific activity, and the separation performance of boric acid by this combined membrane
process under different pH conditions. [ Results]  The removal rate of radionuclides existing in non-ionic form in the treated
radioactive wastewater was over 80%. Among them, '"Ag® was not detected after treatment by the ultrafiltration unit ( pretreatment
unit) ; ®Co™, PCo™, '"PSh*, and **Sb** were completely removed after treatment by the nanofiltration unit ( main treatment unit) ;
*Mn*" was completely removed after treatment by the reverse osmosis unit ( precision treatment unit) ; and "’ Cs” was not detected after

treatment by the cesium adsorption unit ( post-treatment unit). The total purification factor of the system exceeded 1 x 10°.
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— 144 —



WK R
WATER PURIFICATION TECHNOLOGY

Vol. 45,No. 2,2026
February 25th, 2026

[ Conclusion |

The combined membrane process based on ulirafiltration-nanofiltration-reverse osmosis-adsorption and its integrated

device exhibit excellent treatment efficiency for radionuclides in radioactive wastewater, which can provide a reliable application scheme

for the disposal of similar wastewater in nuclear power plants. In addition, the device can not only effectively remove various

radionuclides including " Cs* to make the final effluent meet the discharge requirements, but also demonstrate the potential for the

resource recovery of boric acid from wastewater.

Keywords radioactive wastewater combined membrane process ultrafiltration( UF)
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Tab. 1

Composition of Test Radioactive Wastewater
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Fig.1 Process Flow of Combined Membrane Treatment
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Fig. 3  Efficiency of Ultrafiltration Module for Radionuclides Removal
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Fig. 4 Efficiency of Nanofiltration Module for Radionuclides Removal
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Fig. 5 Efficiency of Reverse Osmosis Membrane Module for *'Cs* Removal
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