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Simulation Study on Vertical Migration Law of Salinity Under Density-driven Conditions
LIU Na', HUANG Quanzhong®", TIAN Delong', ZHENG Hexiang', WANG Jun', HUANG Guanhua?, ZHANG Yuan®,
ZHANG Xiaozhuang®

(1 Institute of Pastoral Hydraulic Research, MWR, Hohhot 010020, China; 2 College of Water Resources and Civil Engineering,
China Agricultural University, Beijing 100083, China; 3 Etuoke Qiangi Agricultural and Animal Husbandry Bureau and Water
Conservancy Bureau, Ordos, Inner Mongolia 016299, China)

Abstract: Based on a one-dimensional saturated soil column experiment, this paper used the experimental data to calibrate and
validate the SUTRA model, and conducted long-term sequence simulations of the vertical migration process of salt under
density-driven conditions under different concentrations, different soil textures, and different depths of impermeable bottom
plates. The simulation results proved that the vertical migration of salt is significantly affected by density: when 100 g/L salt
solution was input at the top of the quartz sand column, the traditional pure diffusion simulation of salt vertical migration was
slow, and only 10 cm downward migration occurred after 1 day, which was inconsistent with the measured results; while
considering density-driven simulation, the speed of salt vertical migration was significantly accelerated, and it could reach the
bottom and gradually accumulate within 9 hours, which was more consistent with the measured situation. Soil texture had a
significant impact on the speed of salt density-driven migration. The downward migration speed of salt in silty loam soil was
significantly slower than that in quartz sand. At the same time, as the migration process progressed, the salt content gradually
decreased in the upper layer while continuously increased in the lower layer of the soil column, and eventually tended to be
uniformly distributed, forming a high-salt zone of groundwater. When the depth of the impermeable bottom plate was 90, 150,
and 200 cm, the time required for the distribution to become uniform gradually decreased to 10, 20, and 30 years, respectively,

indicating that the deeper the impermeable bottom plate, the longer the time required for the distribution to become uniform. This
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research to some extent reveals the long-term balance and evolution laws of soil salinization in irrigation areas under

density-driven conditions, and can provide new ideas and theoretical basis for the sustainable utilization of water and soil

resources and the effective control of soil salinization in irrigation areas.

Key words: SUTRA model; Density driven; Salt migration; Salt balance; Convection—dispersion
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Fig. 1 Indoor sand column test device diagram
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Fig. 2 Schematic diagram of saturated soil column test device
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Table 4 Quantitative analysis of profile salinity driven by pure diffusion and density (Quartz sand)
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Fig. 8 Changes of profile salt distributions in 30 years under different depths of water-proof floor
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Table 5 Quantitative analysis of salt contents in different simulation periods
B 181 (a) FK AR (em) TR bt (g/L) JEFR AL R (g/L) 2 (g/L) AR & 25 (%)
1 90 51.37 9.73 41.64 81.06
150 51.54 3.06 48.48 94.06
200 51.59 3.06 48.53 94.07
4 90 35.46 25.74 9.72 27.41
150 34.83 6.94 27.89 80.07
200 34.87 3.85 31.02 88.96
10 90 30.87 30.33 0.54 1.75
150 2491 15.04 9.87 39.62
200 24.80 7.80 17.00 68.55
20 90 30.60 30.60 0 0
150 20.84 19.09 1.75 8.40
200 19.19 12.77 6.42 33.45
30 90 30.60 30.60 0 0
150 20.12 19.81 0.31 1.54
200 17.19 14.76 2.43 14.14
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