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Arid regions - favorable sites for storing of nuclear wastes
Sail hydrologic modd (SHM) was used for soil moisture Smulation
Soil texture and vegetation effects on the soil weater variation

Macropores in the soil could affect the soil water flow and distribution

2. Soil Hydrologic Model (SHM)
The SHM was devel oped to smulate the vertical profile of soil water content and
isdriven by conventional meteorologica and land-use data.

The one-dimensiond moisture flow in the SHM can be described (Capehart and

Carlson, 1994)
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where q isthe verticd moidure flux, € isthe volumetric water content, z is depth, and t is
time. Theterm S represents a source/sink term which accounts for the rate of input and
output of moisture into the soil column. By applying the Darcy’ s equation in conjunction

with Equation 1, the vertica flux term in Equation 1 can be expanded as
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where K isthe hydraulic conductivity, y isthe soil water matric potentid, and & isthe
orid-surface dope angle.
The van Genuchten and Mualem method is used in this study and can be

expressed in the following equations:



Hydraulic conductivity K(q)
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Matric potentia y (q)
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Wheren=1+1, m=1/(l +1), | isthe pore size parameter (b= ). S.isthe normaized
volumetric water content expressed in terms of the soil water content at saturation gs, and

aresdua soil water content g, thus & is defined as
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I nfiltr ation-runoff calculation
The Green- Ampt (GA) method (Chow et ., 1988) was implemented in the model

for the infiltration-runoff caculation
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where f istheinfiltration capacity (cm/s), Kay isthe average saturated hydraulic
conductivity (crmvs), Dy isthe difference in average metric pressure before and after
wetting (cm), Dgis the difference in average soil water content before and after wetting,

and F isthe cumulative infiltretion for the rainfal event (cm).



Subgrid spatial variability
Asalfirg sep in representing variability in hydrologic parameters, the following
probability digtribution isimplemented in the SHM to digtribute the average vaue among

subgrid fractions within agrid cdl (Yu, 2000)
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where f(p;) isthefraction of agrid cdl with precipitation p;, and P isthe grid cdll average

vaue of hydrologic parameters.

Par ameterization of macropor e flow

With certain values of macroporosity (the fraction of soil volume comprised of
macropores) Ny, and the macropore radius probability dengity f(r) can be caculated by
using the fallowing eqution
f(r) = koxexp(- k2 xr) (6)
wherer is the macropore radius, and k; and k; arefitting parameters, 0.63 and 0.60 for
the fractional macroporosity nny, = 0.01 respectively (Brandes, 1998). So the hydraulic

conductivity of macropores for each vaue of radius can be caculated by
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where Gis chosen such that y (@ = v, and the y s isar entry pressure, so that the
weighted sum includes only those pores (r< G that contribute to flow a a certain matric

potential. Gis caculated usng the following equation
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where s isthear-water suface tenson, gis the water/pore surface contact angle,

(assumed to be O for water), r isthe dengty of weter, and g is the gravitationa
acceeration. Therefore, the calculated Gfrom Equation 8 would be a maximum radius
for the macropore.

Kmp(r) is caculated using Hagen-Poiseville' s and Manning's equations (Chen and
Wagenet, 1992). When G< 100 nm (or 10* m), the flow in pores can be considered
laminar, thus the average flow veocity (U) in the poresis cadculated usng the Hagen+
Poiseuille equation
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where nisthe kinematica viscosty and Dh isthe hydraulic gradient. Following the
Darcy’ s equation, the macropore conductivity can be defined
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When > 100 nmm, the macropore flow is no longer laminar and the Hagen Poisauille
equation isinvaid to describe flow. In this case, the macropore flow can be described
using Manning’s formula (Chen and Wagenet, 1992). The average flow velocity is

U =LRe |Dh 2 (11)
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where Ris the hydraulic radius (for the specid case of full pore flow with radiusr, R=
r/2), and nisthe coefficient of roughness, ranging from 0.016 to 0.14 for open channels.

Here we assume the upper limit because the scale of the wall surface roughness to pore



diameter isgenerdly large. Therefore, the macropore hydraulic conductivity can be

calculated using
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Kmx(Y) is caculated using the van Genuchten’ s equation (1980), which is expressed as

following equation
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inwhich a, n, and m are soil parametersand m = 1-1/n. Ksisthe soil hydraulic

conductivity at saturation. This equation is valid over ranges of pressure val ues broader

than that of Gardner’ s exponential model (van Genuchten and Niglsen, 1985). The

weighted effective conductivity for each value of y may then be obtained

Ket (y )= N xKmply )+ (1- n_) Ky ) (14)
With macroporosity ny = 0.01 and 0.001, the computed relations of Ke(y ), Kmp(y ), and

Kmx(Y) for adity loam are shown in Figure 1.
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