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Abstract: The use of outsourced filter materials is crucial for preventing blockages and ensuring efficient drainage in subsurface
pipes. This study conducted a series of laboratory simulation experiments using a self-designed apparatus for subsurface pipes to
address the technical bottleneck of low salt discharge efficiency, which is caused by the frequent blockage of these pipes. Based
on a unified geotextile setup, four types of filter layers were established for subsurface pipes: a sand and gravel mixture, layered
sand and gravel, a sand and gravel mixture combination with straw, and layered sand and gravel combined with straw, while a
control group without any filter material. The effects of different filter layers on salt drainage efficiency and anti-silting effect of
the subsurface pipes were systematically evaluated. The results indicated that: 1) The subsurface pipe with the layered sand and
gravel treatment achieved the highest salt drainage rate of 47%. 2) When no filter material was used, a dense filter cake layer
formed by soil particles on the surface of the geotextile. In both the layered sand and gravel treatment and the sand and gravel
combination with straw, soil particles were retained within the fiber structure of geotextiles. 3) Soil characteristic particle size dyo
value above the filter material increased by 12.5%, 14.0%, 11.0%, and 10.5% with the use of a sand and gravel mixture, layered
sand and gravel, a sand and gravel mixture combination with straw, and layered sand and gravel combined with straw,
respectively. This effectively enabled the filter materials to intercept coarse particles while allowing fine particles to pass through,

thereby promoting the formation of a highly permeable soil skeleton composed of coarse particles, such as sand particles, in the
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surrounding soil. The study reveals the impacts of the different filter layers on the efficiency of subsurface drainage for salt

removal and their role in preventing blockages, thus provides a theoretical basis and technical support for utilizing subsurface

pipe salt discharge technology to manage saline-alkali land.

Key words: Subsurface pipe drainage; Salinity; Filter material; Drainage rate; Salt discharge rate; Leaching desalination rate
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Table 1  Soil physicochemical properties in experimental site
+ 2R (cm) + e pH T+ R (g/ke) T2 (g/em’)
0~20 BBk L 9.34+0.02 10.02+1.14 1.45+0.03
20~40 M BUE L 9.35+0.03 4.25+0.35 1.42+0.04
40~60 FyRb s £ 9.410.02 3.35+0.27 1.48+0.02
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Fig. 3 Soil moisture distributions under different treatments
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Fig. 4 Soil salinity distributions under different treatments
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Table 3 Drainage rates and salt discharge rates of subsurface pipes under different treatments
AE EHEKEL) HE7K 8% (cm/h) HEK (%) HEER R Ry(%) [ # Lr(%) A HEE LU (RYLy)
CK 86.5+6.0c 0.018+0.003¢ 43.27+2.08b 33.14+6.05b 27.69+2.80b 1.20+0.07a
Tl 111.8+4.3a 0.034+0.002a 55.90+2.14a 45.07+7.24a 67.51+0.56a 0.67+0.11b
T2 112.643.1a 0.038+0.003a 56.32+1.55a 46.8629.76a 69.24+1.44a 0.68+0.13b
T3 99.9:+11.6b 0.025+0.001b 49.97+5.78a 44.04+2.88a 69.41+2.06a 0.64+0.05b
T4 104.9+8.2ab 0.030+0.002ab 52.43+4.11a 41.44+2.86a 68.32+2.00a 0.6120.03b

T SRR/ NG SR m AN m] Ah B 2 ) 22 53 .35 (P<0.05); T I
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Table 4 Soil loss and geotextile siltation under different treatments

G521/ AR kA iSRS
Bt (g) it (g) it (g) (%)

CK  89.50+2.91c  27.49+l.1l1a 49.84+2.49a 81.28+1.74a

T1  199.03+4.02ab 27.72+1.32a 39.60+0.95bc 42.96+3.53¢

T2  21243+6.00a 27.42+1.44a 37.16+1.98c 35.51+2.93c

T3 161.37+6.24b 27.45+1.52a 42.59+0.60b 55.48+9.07b

T4  177.27+8.60b 26.41+0.79a 40.05+0.78bc51.71+3.914bc

& s

413
x5 ER LA LERESN
Table 5 Soil particle size distributions above filter materials
AP FKL(%) FrRL(%) WL(%) dyo(pm)
JiA 3.56£0.11b  83.80£1.45a 12.64+£0.26c 259.6£10.65¢
CK 9.57+0.87a 81.73+0.45ab  8.70+0.52d 235.67+11.47d
T1 3.02£0.07b  75.47£1.39c 21.51+1.40a 292.13+1.18a
T2 2.99+0.05b  73.66+1.85¢c 23.35+1.85a 295.90+3.01a
T3 3.17£0.15b  78.32+0.79b 18.51+0.64b 288.25+4.35b
T4 3.2740.17b  77.17+0.50b 19.56+0.63ab 286.94+11.59b
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Fig. 5 Electron microscope scanning patterns of geotextiles
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