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Study on salinity dispersion characteristics in Humen of the Pearl River
Estuary based on analytical solutions

Zhou Yuan'’, Xu Yanwen', Zhang Wei'”>, Tang Suxuan’, Wang Zijie’
(1. State Key Laboratory of Water Disaster Prevention, Hohat University;
2. College of Harbour, Coastal and Offshore Engineering, Hohat University)

Abstract: Based on the salinity advection-dispersion equation, constant-dispersion-coefficient and variable-dispersion-coefficient
analytical models for saltwater intrusion in Humen of the Pearl River Estuary were constructed under two assumptions of a constant
longitudinal salinity advection-dispersion coefficient and a spatially varying longitudinal salinity advection-dispersion coefficient. With
field measured runoff and salinity data, the saltwater intrusion process was simulated and reproduced; the spatiotemporal variation laws
of the longitudinal salinity advection-dispersion coefficient were comparatively analyzed, and the salinity dispersion characteristics in
Humen were explored. The results indicate that the variation range of the longitudinal salinity advection-dispersion coefficient in Humen
is small, and the saltwater intrusion process curve presents a bell-shaped transition form, characterized by convexity in the downstream
reach and concavity in the upstream reach; the salinity gradient gradually increases and then decreases along the upstream direction.
The salinity dispersion characteristics of the downstream waterway in Humen are significantly affected by the incoming water from the
Dongjiang River, showing obvious segmented features. During spring and neap tides, the spatiotemporal average of the longitudinal
salinity advection-dispersion coefficient in the downstream waterway of Humen affected by the Dongjiang River is 1 785 m*/s, while the
overall spatiotemporal average of the upstream and downstream waterways of Humen is 2 649 m>/s. Huangpuyou Station is a segmented
characteristic station of the Humen Waterway. Compared with the value assignment method that comprehensively considers the upstream
and downstream dispersion characteristics, adopting the longitudinal salinity advection-dispersion coefficient calibrated for the waterway
downstream of Huangpuyou Station in the analytical model can improve the prediction accuracy of the model for longitudinal salinity
distribution changes in the reach affected by the Dongjiang River but underestimates the actual length of saltwater intrusion in Humen to
a certain extent.
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Fig.1 Schematic diagram of monitoring station layout of the Pearl River Estuary
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Table 1 Parameters of constant-dispersion-coefficient analytical model
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Table 3 Parameter calibration results under different scenarios

Q,/(m*/s) H/m K R? ap/m”! Do/ (m*/s)
Hi TH1 O TH2  TH1T O TA2 T TH2 TH 0 T2 TH1 T2 TH TH2
2025-01-21  -383 -383 1.73 .73 -0.137  -0.091  0.99 0.89 3.22 4.85 1234 1858
2025-01-22  —446 -446 1.97 .97  -0.139  -0.093  0.99 0.90 3.18 4.75 1417 2118
2025-01-23  —498 -498 2.28 2.28  -0.139  -0.093  0.97 0.88 3.18 4.75 1582 2364
2025-01-24  -525 -525 2.42 2.4 -0.142  -0.092  0.99 0.88 3.11 4.80 1632 2520
2025-01-25  -537 -537 2.50 2.50  -0.137  -0.090  0.99 0.88 3.22 4.91 1731 2635
2025-01-26  —580 -580 2.53 2.53 -0.143  -0.095  0.95 0.87 3.09 4.65 1791 2696
2025-01-27  —486 -486 2.27 2.27  -0.137  -0.092  0.98 0.89 3.22 4.80 1566 2332
2025-01-28  —584 -584 2.51 2.51  -0.140 -0.091  0.93 0.85 3.15 4.85 1842 2834
2025-01-29  -667 -667 2.26 2.26  -0.147  -0.100  0.95 0.88 3.00 4.42 2003 2945
2025-01-30  -626 -626 2.05 2.05  -0.141 -0.099  0.96 0.90 3.13 4.46 1960 2792
2025-01-31  —663 -663 1.68 1.68  -0.154 -0.104  0.95 0.88 2.87 4.25 1901 2815
2025-02-01  -705 -705 1.43 .43 -0.140 -0.100  0.86 0.85 3.15 4.42 2223 3113
2025-02-02  —655 -655 1.38 1,38 -0.131  -0.095  0.94 0.90 3.37 4.65 2208 3044
2025-02-03  -705 -705 1.36 .36 -0.164 -0.103  0.95 0. 84 2.69 4.29 1898 3022
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Fig.9 Comparison of simulated results of longitudinal salinity distributions in Humen under different scenarios
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