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Abstract. The transport of solute is studied for a flow domain consisting of two re-
gions which are separated by a sharp interface. Hydraulic and chemical properties
of the two regions are different. The longitudinal dispersion coefficient is assumed
to be zero and the transversal dispersion coefficient is finite. The transport equa-
tions are solved taking the correct boundary conditions at the interface into ac-
count. The validity of the assumption of an infinite transversal dispersion coeffi-
cient (D;) often encountered in the literature is shown to be questionable for the
system considered.
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Introduction. The transport of solute through porous media is generally described
mathematically by solving the convection dispersion equation as given by Bear
(1972). In heterogeneous flow domains this equation is solved for more than one
sub-domain with appropriate conditions linking the sub-domains. For solute trans-
port in fractured media, Tang et al. (1981) couple the transport in the fracture with
a diffusion process perpendicular to the fracture surface. In a cross section of the

230 Netherlands Journal of Agricultural Science 34 (1986)



C.J. VANDUIIN ANDS. E. A. T.M. VAN DER ZEE

fracture complete mixing is assumed (i.e., an infinitely large transversal dispersion
coefficient Dy in the fracture). In recent studies by, for example, Chen (1985) and
Gillham et al. (1984) the assumption of an infinite D is employed in the description
of solute transfer in aquifers bounded by less permeable layers.

The scope of this study is to show that the assumption of an infinite D is not gen-
erally valid for flow domains where the longitudinal and transversal dimensions of
the permeable layer are of comparable scale.

Theory. Two regions, separated by a sharp interface along the mean direction of
water flow, are considered (Fig. 1), with different porous materials with respect to
porosity (n), interstitial water velocity (v) and retardation factor (R). The convec-
tion-dispersion equation (Bear, 1972) is solved for each region, taking into account
continuity of solute flux and concentration at the interface. While longitudinal
transport is assumed to be purely convective the value of D is assumed to be finite
and different for the two regions (D ~ v). Denoting by V the loss of solute from re-
gion 1 (with the highest solute transport velocity v,/R,) due to the transversal dis-
persion process across the interface, the breakthrough at distance x averaged over
height Az = H in region 1 is given by

H
o (50) =+ Ofc(x, z,0)dz

=1-- ({{1 —c(x,z,0)}dz = I—EV(X,I)

Here V(x, ) may be evaluated numerically or by analytical solution. An alternative
solution, where D is set at an infinitely large value in region 1, thus assuring com-
plete mixing in a cross section in this region, is given by Carslaw & Jaeger (1958, p.
396).

Results. Breakthrough curves for three values of R, are shown in Fig. 2. The solid
lines are obtained from an approximate analytical solution, where D, = 0 and D is
finite. The absence of longitudinal dispersion is seen clearly from the absence of
spreading at first breakthrough. The dashed curves (D5, = « in region 1) appear
to agree well with the solid line for R, = 1. However, as R, increases the concentra-
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Fig. 1. Schematization of the flow domain.
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Fig. 2. Breakthrough curves at x = 1 m. Solid lines: H = 0.2 m; n; = n, = 0.5; v; = 12.5 m/year; v, = 0;
R, = 1; Dy, = 0.0032 and Dy, = 2D, m%/year. Values of R, as indicated. Dashed lines: as solid lines with
Dqy = .

tion along the interface will decrease and the transverse gradient in a cross-section
of region 1 will increase. As this is not accounted for in the solution of Carslaw &
Jaeger the differences between solid and dashed lines become large.

Hence the validity of an infinite value of D, in region 1 is questionable in situa-
tions as considered here. The same may be true if aquifers of several meters thick
are considered, whereas for realistic values of the coefficient of molecular diffusion
and of fracture thickness (or root channel radius) the assumption of complete mix-
ing in the fracture may be appropriate.
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