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Abstract

A strategic question in groundwater contaminant transport modeling is whether we need to
treat waste packages or drums as individual, discrete sources or as approximately lumped
sources. In this paper we present analyses of array sources in porous media.

We analyze a planar array of sources in porous media with groundwater flow. We compare
the concentration field predicted by a detailed model of individual point sources to concentra-
tion fields predicted by an infinite plane source and a single point source, all of the same
equivalent strength.

From this study we identified three regions: (1) a region close to the sources where the
effects of adjacent sources are significant and individual source models should be used, (2) a
region extending from a few meters to hundreds to thousands of meters downstream, where
an equivalent source of infinite extent gives accurate results, and (3) a far-field region, where-

in an equivalent source of finite extent gives accurate results.
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1. Introduction
Nuclear waste in geologic repositories and
hazardous materials in disposal sites will be em-
placed in thousands of individual containers. In
evaluating contaminant transport from such facili-
ties, one would like to know whether it is neces-
sary to consider each individual waste source? In
this paper we compare the space-time-dependent
concentration field predicted for an array of dis-
crete sources with the concentration field pre-
dicted for an infinite plane source. We also com-
pare the concentration field predicted for an array
of discrete sources with the concentration field
predicted for an equivalent single point source.
We develop solutions for an array source by su-
solutions for individual

perpositioning point

sources.
2. Analytic Solutions-Single Point Source

For a single point source in an infinite porous
medium, the governing equation for the hydrody-
namic dispersion of a radioactive species is
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where x,¢e D, i =123 ; t>0 (1)

where the Cartesian coordinates were labeled x;,
%y, X3, C(xq,X2,%3,1) is the species concentration in
the groundwater, D; is the dispersion coefficient in
the i-th direction, K is the retardation coefficient
of the contaminant, and D, is the unbounded
space. The strength of the nuclide source, located
at the origin of the axes is M( 7 )d ¢ and measures
the mass of material released at time r during the

time span d v . The release gives rise to the con-
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centration C{xy,Xp,X3,t) at position x;,X2,x3 at time
t > r. This concentration is initially zero through-
out D, and satisfies suitable boundedness condi-
tion at an infinite distance from the source posi-
tion. Some solutions to this problem, without limit
on the velocity field i1;, Uy, U3, and for radioactive
decay chains were obtained by P.L. Chambré et
all

The solution for an uniform flow along the x;

axis with a pore velocity of u is
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where M( r) = Radioactive species input rate at
time = [M/T],

D,=Normalized dispersion coefficient in the
x; direction,
D,=D/K [L¥/T],

u=Normalized groundwater pore velocity
in the x; direction,
u=u/K [L/T],

A =Radioactive decay constant [T™1],

€ =Porosity of the medium,

D=(D, - D, - D)3,

The dispersion coefficients and the groundwater

and

velocity are normalized by dividing them by the
retardation coefficient of the contaminant.

If the rate of waste species input is temporally
constant, the solution in eq.(2) can be simplified
by the substitution of a constant input rate M, and

integrated to give
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3. Analytic Solutions-Array Sources

For an array of WxYxZ point sources, the con-
taminant concentration field resulting from the
array is given by superpositioning solutions for in-

dividual point sources:
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where C®=concentration from the array source.
The location of the individual point sources in the
array is gwen by

X1 —dl(w—w—;‘l), w=1,.W
xf=dgy— 2 1), y=1,..Y
X3 _dg(z—-Z%I—), 2=1,.2

where d; are the separation or pitches along the
i-th coordinate.

4. Analytic Solution-Infinite Plane Source

For an infinite plane source the governing equa-
tion for the dispersion of a radioactive species is
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The solution for the concentration field is given

by??
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where A::d2d3.
5. Numerical Illustrations

We present numerical illustrations from a 3x3
planar array of point sources, perpendicular to the
flow of groundwater, as shown in Figure 1. In
these calculations we assumed
—Each point source is of equal and time-invarient

strength.
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Fig. 1. Array of Point Sources in Porous Media

—The center of the array is at the origin of the
axes.

—The constant source strength was derived from
a separate model based on solubility-limited
dissolution of the contaminant from the source.?

—Groundwater velocity is along x; axis only and
is constant.

—The dispersion coefficients are constant in space
and time. This is not a requirement of the solu-
tions. Actually, in the solutions the dispersion
coefficients can be functions of velocity,
although not of position.

The separations between sources have been

chosen arbitrarily* as
dy, =
d; =

The other parameter values used in the calculation

36.6 meters
3.66 meters

arel

D = 50m%/yr or 5 m?/yr, as stated

u = 1 mfyr
M = 048 gfyr
A =0

K =1

e = 0.05

Figure 2 shows a contaminant plume from the
array source of Figure 1, after local steady state
has been reached. This is of the order of a
thousand years after the start of contaminant dis-
persion. In this case the transverse dispersion
coefficients are one-tenth the longitudinal disper-
sion coefficient. It can be seen that the plumes
from all nine point sources have merged into an

overall plume, and that this plume has moved

Kim
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Fig. 2. Isopleth of a Contaminant at Concentration 0.01
a/m?® for Steady-state, Anisotropic Dispersion for
the Array of Point Sources in Figure 1.

downstream.

The important question is when simpler mathe-
matical models of array sources can give equally
valid predictions? Figure 3 shows the comparison
between two sets of predictions. The ordinate is
the steady-state contaminant concentration along
the x, axis predicted for the discrete array sources,
normalized to the concentration predicted for an
infinite plane source of the same areal dissolution
rate, plotted as a function of a distance parameter
8 = +/x;D3/u. When the ratio is unity, the two
models give identical predictions. For a value of
the distance parameter of approximately ten
meters, the ratio is above unity and the detailed
array -source model should be used. Beyond this
region, the infinite plane source model either
gives identical predictions, or it overestimates con-
servatively. Where the concentration ratio becom-
es less than unity with increasing @, the concen-
tration field can be accurately predicted by replac-
ing the discrete-source array by an equivalent fi-
nite plane source.

We next compare the predictions of the detailed
array source model with a single point at the ori-
gin. This single point source has the strength of all

the point sources in the array combined. The re-
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Fig. 3. Comparison of Concentration from Array Model
with Concentration from Infinite-plane Model(at
Steady State, Along X; Axis, Anisotropic Dis-
persion)

sults are shown in Figure 4. Close to the center of
the array plane and thus near the single equiva-
lent point source, the strength of the single point
source overwhelms the predictions for the array of
sources. At a distance parameter of about 100
meters and greater, transverse dispersion has re-
duced the prediction for the single equivalent
point source to that for the array of sources. For
the values of velocity and dispersion coefficients
used, a distance parameter of 100 corresponds to
a downstream distance of 2,000 meters. Thus, for
predicting contaminant concentrations at large dis-
tances, a single point source can replace the array

of sources.

6. Conclusion

Analytic solutions for contaminant dispersion in
groundwater from an array of point sources in a
porous medium are given and illustrated. The

numerical illustrations indicate that for distances
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Fig. 4. Comparison of Concentration from Array Model
with Concentration from a Single Equivalent
Point Source (at Steady State, Along X; Axis)

tens of meters downstream from the sources sim-
pler plane-source models might give equally sa-

tisfactory predictions.
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