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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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Nuclear was:e-in geologic repositories will be emplaced in thousands of
individual containers. In evaluating radionuclide tramsport in performance
assessments, will it be necessary to consider each individual waste packages
in the array, or can the array be represented by an equivalent planar source?
In this paper we consider the problem of space and time-dependent radionuclide
concentration field resulting from an array of point sources in a water-
saturated environment. First, we derive the diffusion-controlled, solubility-
limited dissolution rate from a spherical-equivalent waste: source and we then
obtain the: analytic solution for the concentration field from a single source.
The analytic solution for the space-time-dependent concentration field ffom an
array of point sources is obtained by superposition of single-source
solutions. Our solutions are valid for advective transport in porous media
with either isotropic or anisotropic dispersion. Numerical and graphical

illustrations are provided.

The solutions are general, but for illustration we consider here a planar
array of point sources perpendicular to the direction of ground-water flow, as
shown in Figure 1. Figure 2 shows the concentration field around the planar

erray at local steady—-state, after about 1,000 years, assuming a ground-water
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pore velocity of 1 m/yr, a longitudinal dispersion coefficient of 50 mz/yr, a
transverse dispersion coefficient of 5 m2/yr, and neglecting sorption and
decay. The isopleths are for 0.0l g/m3. The plumes from all 9 point sources

have merged, forming one large, irregularly-shaped plume.

In Figure 3, we consider the effect of larger arrays and whether an infinite-
plane source approximation can adequately represent the array of individual
point sources.- Thesabscissa. is.the-distancerdownstream-from:the:array. The-
ordinate is the actuai steady-state nuclide concentration along the X; axis of
Figure 1, obtained by considering individual point sources normalized to the
concentration predicted by an equivalent infinite-plane source, of the same
areal dissolution rate, If thisvratio is less than unity, the simpler
infinite-plane source model overestimates and.is conservative. Near the waste
packageéa(x1 < 1 m) the effect of individuvual sources is significant. For-
arrays containing as many as 31 x 31 packages or more, there-exists a-plateau,
at a concentration ratio of unity, wherein the array solution is identical
with that from an infinite plane. source. The.plateau. region increases with
array size. For finite arrays, and at increasing downstream distances, the
centerline concentration falls below that of the infinite-plane source because
of transverse dispersion. In this region the concentration field for the
array can- be. adequately-predicted by replacing- the array with a-finite

equivalent. plane: source.at the.same-total source-strength.as the-array.

Similar analyses are being conducted for other point source orientations.
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Figure 1. Point sources on a plane



X2 (m)

* Point source location

3 x 3 Array

Source strength = 0.45 gr/yr
Ground water velocity = 1 m/yr
No sorption

Porosity = 0.05

Longitudinal Dispersion = 5Q,m /yr
Transverse Dispersion = 5 m“/yr

100

X2.

80.

&

60

40

20 -

0
—-20 -

—-40 -

=60 -

—-80 —

-100-80 60—40 20 0 20 40 60 80 100

X1 (m)

Figure 2. Isopleths of stable species ot 0.01 g/m?,

at local steady—-state
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Figure 3. Comparison of concentration from array model with
concentrations from an infinite-plane model. Conditions
are the same as in Figure 2.
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