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Simulation Investigation of Soil Infiltration Process for Banded Sand Ditches

Fan Yanwei, Liang Jinyu

(College of Energy and Power Engineering ,» Lanzhou University of Technology . Lanzhou, Gansu 730050, China)

Abstract: [ Objective ] The influences of soil texture types and parameters of banded sand ditches on soil
infiltration processes were studied in order to provide scientific evidence for the design, operation, and
management of sand ditch rainwater harvesting projects. [ Methods] HYDRUS-2D/3D software was used to
establish a mathematical model for soil water movement in a banded sand ditch, and the reliability of
simulating the soil infiltration process in a banded sand ditch model was verified using laboratory
experiments. The cumulative infiltration and movement of the wetting front under different influencing
factors in a banded sand ditch were simulated and analyzed. [ Results] The simulated results were consistent
with the measured data. The results showed no significant differences, indicating that the established model
and its solution method can effectively produce the numerical values of cumulative soil infiltration and
wetting front movement at different times in banded sand ditches. There was a significant increase in
infiltration in homogeneous soil filled with banded sand ditches. The original soil texture, sand ditch spacing,
sand ditch width and sand ditch depth all significantly impacted infiltration rate. Infiltration rate decreased
with an increase in the original soil saturated hydraulic conductivity and sand ditch spacing, but increased

with an increase in sand ditch width and depth. The soil-wetting front profile formed a U-shaped pattern with
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a lower front and a higher back. With time, the U-shaped side-wetting front gradually approached the
intersection of the sand ditch, and the top plateau gradually disappeared. The original soil texture
significantly impacted the migration distance of the wetting front, which increased with an increase in the
original soil saturated hydraulic conductivity. Sand ditch depth significantly impacted the shape and
distribution of the wetting front. With an increase in sand ditch depth, the U-shaped pattern stretched
vertically, and the wetting depth on the left side increases significantly. The change in wetting depth on the
right side was minimal. Sand soil texture, sand ditch spacing, and sand ditch width had relatively minor
impacts on the migration distance of the wetting front. [ Conclusion] Banded sand ditch structures can
significantly improve soil infiltration capacity. Soil texture types and sand ditch structure parameters have
different effects on soil cumulative infiltration and wetting front migration distance.

Keywords: banded sand ditch; enhancing water infiltration; wetting front; cumulative infiltration; HYDRUS-
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Table 2 Van Genuchten-Mualem model parameters of test soil
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b+ 0.029 0.294 0.010 0 1.945 0.070 0 1.6
ML 4 0.010 0.434 0.021 8 5.937 0.218 0 1.7
il 0.064 0.471 0.013 0 1.341 0.003 8 1.3
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Table 3 Van Genuchten-Mualem model parameters for six typical soil types
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Table 4 Hydrus simulation scheme for banded sand ditches
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Fig.5 Changing process of soil cumulative infiltration under different influencing factors
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Fig.6 Dynamic process of soil wetting front for three types of primitive soil textures



28

K - PR R

544

2.3.2 A ERAAERABEEHIEBOY R EIE
AT 4,2,5 BYRIILECHE E AT R A, 22 ) 3 R
B LRI s B R E K 7 s, HIET
AL A A S5 b X T ) R ] 2 R R B TE A B T
(R V) P b A Jo R L Y PR R A RS R
¢ =10 min B, 7 & W0 & O B I8 B IR

(40 e , 1M 40E + F b +{GEF T 12.5 A1 16.7 cm.,
>0 U 9 5 2 Ok D V) DRSS A R B 20, 3 R A - BT Ml
R TR 25 5 R AE VR A, KK .
AP+ <P ib - <MD 4 = 2 RN AR
S, oD b RUHL A A A 3 i R A L AR 4 A
MR IR BE (62,6 cn) 34 HN T 2.6 % F1 3.2%

7K B B/cm /K B B/cm 7K BE B /cm
10 20 30 40 10 20 30 40 10 20 30 40
0 — . . - 0 — . . - 0 . : . '
I I
10t 1/ 0F 10
. el B g
07w ;oA 20 § & 20
5 a0t ™ £ 30}y £ 30
bl | i A& & é ! il
w40 2 EHE/min = 40 Pi = 40
fmi © L - 10 i S i
w S0 g A —0— 60 w50 ] w50 g
e .- —— 120 e
609 "] --@--180 60 @----- .- 60 §------® "
--A-- 240 Y SEPED
70 70 70
30 amut 20 b FA £ 30 c ML
B7 3#mbtRittEeHEdSETAITE
Fig.7 Dynamic process of soil wetting front for three types of sandy soil textures
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Fig.8 Dynamic process of soil wetting front for three types of distances of sand-ditch
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Fig.9 Dynamic process of soil wetting front for three types of widths of sand-ditch
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Fig.10 Dynamic process of soil wetting front for three types of depths of sand-ditch
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