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Fig. 2 Saturation profiles on horizontal planes (a) and vertical planes (b) in a 3-D heterogeneous field for basecase proper-
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Fig. 4 Seepage percentage as a function of percolation flux (a), mean permeability (b) for three realizations in the heterogeneous
model with the basecase properties, and seepage percentage as a function of Van Genuchten parameter 1/« from 200 to 800
Pa with a percolation flux of 213 mm/year (¢)
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Fig. 5 Saturation profiles for the standard deviation ¢ of In 2#=1. 66 (a) and 1. 0 (b) with basecase properties and a perco-

lation flux of 213 mm/year
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Fig. 6 Seepage percentage as a function of the standard deviation ¢ (in natural log) of permeability for three realizations of

the heterogeneous model for a percolation flux of 73. 2 mm/year (a); Mean seepage percentage over five realizations

as a function of correlation length for the basecase with a percolation flux of 213 mm/year (b)
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Fig. 7 Heterogeneous permeability fields for the correlation length 1 m (a) and 4 m (b)

7 1m
4 m 2 . 8 ’

Van Genuchten N

Van Genuchten a



503

(a) b)
[~ [~
™1 20 ™ 20
118w 718
™ 16 592 ™ 16
™ 14 i ™ 14
= 12 06 ™ 12
10 E 0.4 = 10 E
N 0.3 N
~ g 0.2 ™ 8
™ 6 ' ™ 6
- 4 =~ 4
B ==
0 5 2 0 2
0 0
0 o i
12
144 14774 e
8 2 Im(a) 4m (b ( 213 mm/a)

Fig. 8 Saturation profiles for the correlation length of 1 m (a) and 4 m (b) with basecase properties and a percolation flux

of 213 mm/year
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Numerical Modeling of Seepage into Underground Openings in a Heterogeneous
Continuum: A Sensitivity Study of Media Parameters

LI Guo-min , Chin-Fu Tsang
(Earth Sciences Division s Lawrence Berkeley National Laboratory, Berkeley, California 94702, USA)

Abstract; The amount of water seeping into the waste emplacement underground openings is an im-
portant issue for the long-term performance of any underground waste repository. Seepage controls the
corrosion rates of waste packages, the waste mobilization rates and transport rates of contaminant leav-
ing the underground openings. Predicting the seepage rate is difficult under any circumstances, and is
particularly complicated for repository sites located in unsaturated, heterogeneous media. In this study,
a 3-D numerical model is used to study unsaturated flow and seepage through a heterogeneous medium
into the underground openings with strongly variable parameters and boundary conditions. The model
has been compared with homogeneous model. The seepage rate into the underground openings increases
with an increase in percolation flux introduced into the system. Four parameters, (1) fracture continu-
um permeability, (2) Van Genuchten parameter a, (3) spatial correlation length and (4) standard devia-
tion ¢, are chosen to measure permeability-field heterogeneity. Based on a stochastically realized permea-
bility distribution, the authors scale the mean permeability to study its effect on seepage into under-
ground openings. For a chosen percolation flux, the seepage rate into the underground openings was re-
duced as the Van Genuchten parameter « decreased. Simulation results show that the seepage into the
underground openings is sensitive to the mean permeability, with seepage rate decreasing as the mean
permeability increased. Simulation results indicate that the seepage is also very sensitive to the correla-
tion length and standard deviation of the heterogeneous field. Either a high correlation value or a high
standard deviation ¢ value increases seepage into the underground openings for a substantially heteroge-
neous continuum.

Key words: underground openings; heterogeneous medium; unsaturated zone; seepage rate; sensi-

tivity study; waste disposal.



