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Characteristics of Infiltration Recharge at Thickening Vadose
Zone Using Soil Hydraulic Parameters
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Abstract: Ten undisturbed soil samples were collected from deep vadose zone (8. 0—21. 0 m) at Zhengding, Hebei, and ana-
lyzed to study how thickening vadose zone impacts the infiltration recharge processes. These samples were measured by Pres-
sure Plate Extractor to gain the soil retention curves, which were fitted by Mualem— van Genuchten Model using RETC soft-
ware. Unsaturated hydraulic conductivity and the relation curves were obtained through the curve-fitting processes. The impact
on the infiltration recharge processes at the thickening vadose zone is discussed according the Darcy’s equation. It is concluded
that the unsaturated hydraulic conductivities at sampling time were 25— 240 mm/a at the depth of 8. 0—21. 0 m. If the velocity
of water table decline was fast at a certain depth historically, the unsaturated conductivities with same water content should also
have large values, which shows the soil has large infiltration capacity. Soil hydraulic parameters and infiltration capacities would change
because of water table fluctuated-declining and drainage consolidation, which would impact vertical infiltration recharge.

Key words: deep vadose zone; soil water characteristic curve; recharge intensity; RETC; Darcy’s equation; soil conditions; groundwater.
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Fig. 1 Hypothetical profile of matric pressure as a function

of depth in an unsaturated zone deep enough that its

lower portion has a constant downward flux of wa-

ter in profiles
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Fig. 2 The lithology profile from surface to water table
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Table 1 The sampling depth and soil texture of undisturbed soil samples

e 0

W REREG — *f*i;iﬁ% )@ o TEEGa) R
15 8.0~8.5 7.30  26.08  66.64 1. 66 3
25 9.4~9.5 17.92  60.74  21.29 1.58 Wb Bk
44 10.4~10.6  20.14  59.68  20.19 1.63 WD RS 9+
55 11. 0~11.2 8.88  30.15 60.95 1. 86 i+
6= 11.6~11.7  10.23  39.83  49.96 1.78 gt
78 12.0~12.1  10.17  45.71  44.10 1.68 b+
11 & 18.5~18.6  12.44  48.97 38.55 - Wi+
125 18.7~18.9 5.78  20.16  74.04 1.58 i+
135 19.8~20.0  11.61  37.46  50.95 1. 85 gt
145 20. 6~20. 8 6.78  32.41  60.77 1.71 it
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Fig. 3 Pressure Plate Extractor installation
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Table 2 Pressure setting values of soil water retention curve

FE#E{H (10° Pa) JKHER B (em)
0.02 20. 41
0. 05 51.02
0. 10 102. 04
0. 20 204. 08
0.32 326.53
0.54 551. 02
0. 84 857. 14
1. 20 1224.49
1. 66 169. 88
2.24 2258.71
2. 94 3.000. 00
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Fig. 4 Soil water retention curves
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Fig. 5 Downwards water curves at Shijiazhuang
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Table 3 The prediction and fitting results of soil moisture characteristic parameters

S i S LA
. Rosetta Fijll RETC #14 ‘
- 0s a n 0- 05 @ n R?
1 0.037 8 0.3791 0.0335 1.463 3 0 0.4380 0. 006 0 1. 5605 0.978 9
2 0.063 2 0.396 3 0. 005 5 1. 6470 2106 0.4381 0.002 3 1.882 1 0.998 1
4 0.069 1 0.4212 0.005 3 1.656 1 . 3352 0.479 8 0.001 4 3.2211 0.9938
5 0.0354 0.3377 0.0361 1. 364 3 0 0.4871 0.0039 1. 940 2 0.999 3
6 0.0370 0.3358 0.0210 1.390 4 124 0 0.489 1 0.002 6 1. 986 4 0.9979
7 0.042 8 0.3721 0.009 9 1.5324 0 0.447 3 0.002 2 2.576 2 0.9955
11 0.044 0 0.3457 0.0105 1.494 2 L2857 0.473 2 0.003 5 2.4930 0.999 3
12 0.0390 0.3915 0.039 5 1.5731 0 0.4499 0.0039 1.3620 0.9880
14 0.0388 0.3376 0.0221 1.376 7 0 0.468 3 0.002 5 1.546 3 0.9811
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Fig. 6 RETC fitting curves of unsaturated hydraulic conductivity and soil content
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Table 4 Unsaturated hydraulic conductivity and recharge rate at the field

Ty ™ VY

Gi BUREVRIE (m) Ej%f g R (Cm%)” K, fim =
1 8.3~8.5 it 8.3~9.4 0.2841 0.007 811 28.51
2 9.4~9.5 b TR 5+ 9.4~11.0 0.3649 0.030786  112.37
5 11.0~11.2 b+ 11.0~11.6 0.2871 0.016 712 61. 00
6 11.6~11.7 4 11.6~12.0 0.3289 0. 014 499 52.92
7 12.0~12.1 s+ 12.0~13.7 0.2936 0.065834  240. 29
11 18.5~18. 6 b+ 13.7~19.5 — — —
12 18.7~18.9 bt — 0.3581 0.011119 40. 58
14 20. 6~20. 8 it 19.5~21.6 0.3016 0. 006 891 25.15

5 i

K.(cm/d)

0.28 0.30 0.32 0.34 0.36
IR B K%
K7 s LA A SRR B RS RETC 16 56 R 4
Bk 0. 28~0. 36)
Fig. 7 Silt loam RETC fitting curves of unsaturated hy-

draulic conductivity and soil content
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