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Abstract: Underground pipe drainage technology is an effective measure to control saline soil along the coast. To develop a more

* b A TR E (20373304D, 22374202D) ANAALA I T H R AA TR H (BJ2020008) ¥ Hh

> GE{EVEE: ARIR, EEMNFMEH AT RS K L RS, E-mail: tgfu@sjziam.ac.cn; XN 447, 32 2\ A4 25 T8 J7 1 WF 55, BE-mail:
jtliu@sjziam.ac.cn

T AR VEE 2, FE N IHIA BIFISY, E-mail: liyanxin9812@163.com; 40N, 3= 2 M FELHMLIA BIAFSY, E-mail: 937809493@qq.com
Wk H 91: 2023-01-03 232 H 11 2023-05-25

*  The study was supported by the Key Research and Development Program of Hebei Province (20373304D, 22374202D) and the Youth Top Talent Pro-
gram of Hebei Education Department (BJ2020008).

** Corresponding authors: FU Tonggang, E-mail: tgfu@sjziam.ac.cn; LIU Jintong, E-mail: jtliu@sjziam.ac.cn

T Equivalent contributors
Received Jan. 3, 2023; accepted May 25, 2023

http://www.ecoagri.ac.cn


https://doi.org/10.12357/cjea.20230004
mailto:tgfu@sjziam.ac.cn
mailto:jtliu@sjziam.ac.cn
mailto:liyanxin9812@163.com
mailto:937809493@qq.com
mailto:tgfu@sjziam.ac.cn
mailto:jtliu@sjziam.ac.cn
http://www.ecoagri.ac.cn

55 7 3] 22 A BEHE LA H I A HEER 1B A R 1111

suitable irrigation and drainage system for high water level conditions in the coastal area, this study took the near coastal under-
ground pipe drainage and salt discharge experimental site of Nandagang Industrial Park in Cangzhou City, Hebei Province, as the
simulation study object. By setting different initial water levels, the varying water level conditions of coastal farmland in spring and
summer were simulated. COMSOL software was used to conduct numerical simulations, and indoor flume models were designed for
comparative verification, simulating the water flow migration process during leaching and desalination and the water flow and salt
migration process during groundwater reduction. The research results indicated that: 1) the underground pipe’s drainage capacity and
salt discharge capacity increased with the increase in groundwater level, and changes in water level led to changes in hydraulic bound-
aries, thereby affecting the flow direction and water head distribution in the soil seepage field. The change in hydraulic boundary con-
ditions had a greater impact on the soil seepage field than the change in the water level. When the groundwater level was below the
ground, the water level rose by 8 cm, and the seepage velocity increased by 0.21 m’-d™'. However, when the groundwater level rose
from the ground to the surface, the seepage velocity increased by 1.68 m™d . 2) Increasing the vertical distance between the ground-
water level and the underground pipe accelerated the water and salt transport rate, reduced the residence time of water carrying salt in
the soil, and increased the underground pipe’s drainage and salt discharge rate to prevent salt return from the soil effectively. When
the groundwater level rose by 8 cm, the time required for saline water flow from the makeup water tank to the underground pipe was
shortened by 720 min. Increasing the burial depth of an underground pipe improved its drainage and salt discharge efficiency effect-
ively. 3) The burial of underground pipes changed the flow path, promoting salt leaching and drainage from the soil. Under different
water levels, streamlines were turning around 0.8 meters from the underground pipe, and the water flow changed from flowing under-
ground to flowing towards the underground pipe. The soil near the underground pipe had a high seepage velocity and a short seepage
path. The salt in the soil far from the underground pipe was difficult to discharge, and the salt flowed into the deep soil, causing salt
accumulation. The use of sand tank physical models and COMSOL software effectively simulated the water and salt transport pro-
cesses of underground pipe drainage and salt discharge, providing a more convenient experimental method for the optimization of ex-
isting leaching strategies, a more scientific basis for the optimization of underground pipe drainage and salt discharge paths, and the
design layout of underground pipe construction in coastal saline-alkali land with different textures.

Keywords: Subsurface drainage; Seepage field; Water and salt transport; Flume model; Model simulation; Coastal saline-alkali land
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Table 1 Parameters of the flume model for simulation of underground pipe salt drainage
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Experiment name Depth of underground pipe (cm) Depth of groundwater (cm) Depth of make-up water (cm) ~ Salt content of make-up water (g-L™")

TR 20 0 0 0
Water flow simulation 20 8 8 0
20 16 16 0
Y 20 8 10
Salt flow simulation 20 16 8 10
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