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Soil Water Hydraulic Functions for a Sandy Soil and an Aggregated Soil

Masaru SAKAT* and Nobuo TORIDE*

Abstract

The Fayer and Durner models, which modified the water retention curve of the van Genuchten
(VG) model, combined with the statistical pore-size distribution model of Mualem were used to
predict unsaturated hydraulic conductivity functions of Tottori dune sand and aggregated
Kumamoto Andisol. Parameters of the Fayer and Durner models, as well as the VG model, were
inversely estimated with the evaporation method. The Fayer model well described unsaturated
hydraulic conductivity for the dune sand reflecting pore water retention for higher water con-
The

Durner model was suitable to the Andisol whose hydraulic properties were strongly affected with

tents and absorbed water retention on the surface of soil particles for lower water contents.
the distinct the aggregated structure. The Mualem model can predict unsaturated hydraulic
conductivity for a wide range of soil water pressure when an appropriate model is used for the
water retention curve and the pore-connectivity coefficient, [ is estimated. Furthermore, it was
also suggested that we need to use an appropriate soil water retention function to predict un-
saturated hydraulic conductivity for much smaller pressure heads than the minimum pressure
head observed during the evaporation experiment.

Key words : soil water hydraulic function, Mualem model, Fayer model, Durner model, evapora-
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Fig.1 Two different regions for water retention of (a) the Fayer model (eq. (4)) and (b)
the Durner model (eq. (7)) : dashed and chain lines indicate the first and second
terms of the right-hand side of the equations, respectively, and solid lines
indicate the sum of the two terms (left-hand side).
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IR CRARFIAR O FEE IS I 2 IR IR Y 5 2 — 5 OFEEE, B X ORISR RE K OERIfE &

Soil water hydraulic parameters of the VG, Fayer, and Durner models fit to the observed soil

water retention curves, the observed saturated hydraulic conductivity K, and the pore-
connectivity coefficient [ presented by Mualem (1976).

Tottori dune sand 0, O 0, a(cm ") n wa a;(cm ™) ny K.(cmd ") l
VG model 0.030 — 0.341 0.035 5.20 — — — 550 0.5
Fayer model — 0.085 0.336 0.036 7.06 — — — 550 0.5
Durner model 0.002 — 0.337 0.036 6.63 0.02 9.96x10°* 1.5 550 0.5
Andisol
VG model 0 — 0.769 0.192 1.14 — — — 200 0.5
Fayer model — 0.754 0.724 0.040 14.92 — — — 200 0.5
Durner model 0 — 0.744 0.041 2.44 0.59 1.01xX107* 1.47 200 0.5
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Fig. 2 Water retention curves for (@) Tottori dune sand and (b) Kumamoto Andisol :
open circles are the observed data, and solid, dashed, and chain lines describe
the fitted curves described with the Fayer, Durner, and VG model, respectively.
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Fig. 3 Pressure heads change during the evaporation process for Tottori dune sand :

plots are the observed data, and solid, dashed, and chain lines indicate pre-

dicted pressure head changes using the Fayer, Durner, and VG model, respec-

tively.
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Fig. 4

(@) Water retention curve and (b) unsaturated hydraulic conductivity as a

function of the pressure head for Tottori dune sand estimated with the eva-
poration method : open circles are the observed retention data, and solid,
dashed, and chain lines are those predicted with the Fayer, Durner, and VG

model, respectively.

=-2

HIEEIC L 5 BHED ThD, BEARR 7 L OKNBEHE ¥ 7 4 — 5 OHEERER.

Table 2 Soil water hydraulic parameters for Tottori dune sand and Kumamoto Andisol obtained in-

versely with the evaporation method.

Tottori dune sand 0, O 0, alcm™) =n wy  a(cm™)  ny, K.(cmdh [

VG model 0.0290 — 0.330 0.034 4.72  — — — 74.88 2.59%107°
Fayer model — 0.089 0.317 0.035 7.44 — — — 98.88 2.83x107*
Durner model 0 — 0.333 0.035 6.42 0.17 6.73X10°* 1.42 65.24 3.30x10°°

Fayer (with vapor) — 0.089 0.319 0.035 7.34  — — — 100.46 0.15
Fayer (with K data) — 0.089 0.313 0.035 7.60 — — — 781.94 1.18
Andisol

VG model 0.0004 — 0.686 0.086 1.14 — — — 843.6 —0.092

Durner model 0.0108 — 0.678 0.030 2.29 0.63 1.11X10°* 1.42 49.5 0.87
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Fig. 6 Calculated water content profiles near
the soil surface with (solid line) and
without (dashed line) considering vapor
flow.
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Fig. 7 Pressure heads change during the eva-
poration process for Kumamoto Andi-
sol : plots are the observed data, and
solid and chain lines indicate predicted
pressure head changes using the Durn-
er and VG models, respectively.
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evaporation method : open circles are the observed retention data, and solid
and chain lines indicate those predicted with the Durner and VG model,

respectively.
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