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I. INTRODUCTION 

The hydrogeological properties of the formations at 
Yucca Mountain have been characterized by log-normal 
distributions.' Different realizations of the randomly 
described formation may assume different hydrological 
behaviors, and different property variations may exert 
influences of different significance levels. This study 
presents a parametric sensitivity and uncertainty analyses 
of steady-state infiltration through a representative column 
of the formations at Yucca Mountain. 

II. A 1-D INFILTRATION MODEL 

The I-D model consists of an alternate sequence of 
welded and nonwelded tuff units (Le., descending from 
the ground surface to the water table, TCw, PTn, TSw, 
TSV, CHnv, CHnz). It is assumed that each of these 
units is homogeneous in its hydrological properties 
(denoted as 8 = K, 01, p, representing respectively the 
saturated hydraulic conductivity, the van Genuchten air- 
entry scaling parameter and pore-size distribution index), 
which obey log-normal distributions with fixed 
minimdmaxima.' Under steady-state infiltration 
conditions, the hydrological state can be described by 
integrating Darcy's equation together with the boundary 
condition at the water table and using van Genuchten's 
characteristics. 

111. SENSITIVITY ANALYSIS 

With two infiltration scenarios, 0.0 m d y r  and 0.1 
mndyr, marginal sensitivity calculations at three given 
depths representing the upper and lower boundaries of the 
TSw w i t  and the proposed repository horizon were 
conducted by systematically varying one of the formation 
properties each time. Under zero infiltration, the water 
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saturations at the three given depths are essentially 
insensitive to all the layers except TSV and TSw. and 
they are more sensitive to the van Genuchten parameters 
than to the saturated hydraulic conductivity. Illustrated in 
Figure 1 are the marginal saturation variations at the 
repository horizon with the properties of TSw 
(standardized as [loge-E(logB)]/SD(logB), with E(.) and 
SD(.) denoting expectation and standard deviation 
respectively). With 0.0 m d y r  infiltration. non-trivial 
sensitivities only occur with respect to the properties of 
the layer in which the given horizon lies and to the 
properties of all the underlying layers. 

IV. MONTE CARLO SIMULATIONS 

1. 

Monte Carlo simulations were performed by using 
properties randomly generated from the lognormal 
distributions, subject to the specified minima and maxima. 
Figure 2 illustrates that, under 0.0 m d y r  infiltration. 
significant discrepancies exist between the water 
saturation profile obtained as the ensemble average of 
Monte Carlo simulations, E(S), and the saturation profile 
obtained by using the expected values of the properties. 
s(E(loge)). 

An exercise was conducted for the 0.0 m d y r  
infiltration scenario, which consists of three steps: 

2. 

Monte Carlo calculations to obtain the mean (Le.. 
arithmetic average) water saturation profiles for each 
and every one of the rock units; 

Solving a least squares problem for each and every 
saturation profile to identify the effective van 
Genuchten parameters that can be used to match the 
average saturation profile for a rock unit through a 
single simulation; 
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Using the effective parameters for the one- 
dimensional model to calculate water saturation 
rofile, which, plotted in Figure 2, turns out to be a P 

SI= ‘Dnificant improvement over the saturation profile 
obtained by using the expected parameters. 

!. 

CONCLUSIONS 

The sensitivity analysis of this study indicates that 
steady-state condition, the water saturation at a 

given depth is primarily sensitive to the layer in which 
the given horizon lies and to the immediate underlying 
later. The Monte Carlo analysis indicates that there may 
eaist significant discrepancies between the water 
.;3turation profile Of a Monte Carlo average and the 
profile obtained by using the expected property values. 
One obvious implication of the exercise on effective 
pyameters is that the effective parameters obtained 
through fitting each and every individual rock units may 

also be quite accurately utilized as the effective 
parameters in simulations for the entire formation 
composed of these units. It may also be envisioned that 
if one could identify the relations between the statistics of 
the parameters and the effective parameters for each 
units, these relations could be useful for estimating the 
effective parameters in simulations for the entire system. 
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Figure 1: Marginal variations of the water saturation at z=-358m (representing the repository 
horizon) as functions of the variations in TSw properties 
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Figure 2: Water saturation profiles corresponding to: 500 Monte Carlo simulations, expected 
parameters, and the fitted effective van Genuchten a and 
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