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Abstract [ Objective] This paper aims to meet the increasingly stringent wastewater treatment discharge standards under " dual
carbon" goals, guide the process design of wastewater treatment plant (WWTP) upgrading and reconstruction, and address the issue of
unstable effluent quality in the WWTP caused by complex influent characteristics, insufficient carbon source utilization, and low-
temperature operation. [ Methods]  Based on the upgrading requirements of a municipal WWTP in Hebei Province, Simuwater
software was utilized to establish the process models of different treatment processes to analyze the treatment efficiencies of the modified

Bardenpho process, Johannesburg( JHB) process, and their combined processes. [ Results] The combined process integrating the
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modified Bardenpho process with denitrifying deep-bed filter consistently achieved optimal performance under varying influent
temperatures (10 °C, 15 °C,
specified in the Discharge Standard of Pollutants for Municipal Wastewater Treatment Plant ( DB12/ 599—2015). Therefore, this

and 20 C), ensuring stable compliance of key effluent quality indices with the class A standards

combination process was chosen as the upgrading process for the WWTP. At 10 °C, this upgrading process improved the removal
efficiencies of total nitrogen (TN) and ammonia nitrogen by 69. 5% and 73. 6% respectively compared to the original anaerobic-anoxic-
oxic (AAO) process, effectively resolving the core problem of insufficient nitrogen removal in the original system under low temperature
conditions. The upgrading process was officially implemented at the WWTP in 2023. Actual operation data showed that in 2024, the
removal rates of the effluent chemical oxygen demand ( COD) , ammonia nitrogen, TN, and total phosphorus ( TP) reached 97.26% ,
100.00%, 98.62%, and 98.90%,

[ Conclusion] The application of Simuwater simulation technology combined with engineering practices provides a scientific basis for

respectively, indicating significant and stable improvements in effluent quality.

the upgrading and reconstruction of the WWTP. The identified combined process ensures safe and stable operation in practical

applications, offering referable practical experience for other similar WWTPs upgrading and reconstruction projects.

Keywords wastewater treatment plant (WWTP)
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Fig. 6 Comparison of Effluent Indices of WWTP in 2021 and 2024
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