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I. INTRODUCTION 

Licensing of Yucca Mountain as a geologic disposal 
site for high-level nuclear waste will require quantitative 
predictions of the waste-isolation performance of the rocks 
that form Yucca Mountain and of the engineered barrier 
system for an extended period of time into the future. These 
predictions will require the use of numerical modeling in an 
attempt to capture the essence of highly complex physical 
processes, such as ground-water flow and the transport of 
potential radionuclide contaminants under both unsaturated 
and saturated conditions. Additional numerical modeling 
will be required to demonstrate that a mined geologic 
repository can be constructed safely within the rocks of 
Yucca Mountain, and that the underground openings will 
remain stable in the longer term when affected by the ther- 
mal pulse of the emplaced waste forms. 

A fundamental principle involved in the numerical rep- 
resentation of real-world physical processes is that the 
properties of the modeled domain that are important to that 
representation must be known "exhaustively." Standard 
procedure in virtually all numerical physical-process mod- 
eling is to discretize the model volume into a (large) num- 
ber of individual elements or grid nodes, assign the 
necessary attributes to each element or node, and then apply 
one or more sets of mathematical expressions that are 
believed to represent the operation of the physical processes 
under investigation, given some set of external boundary 
and initial conditions. Because each element or node within 
the model domain must be assigned a set of properties to 
represent the variables within the numerical approximation 
of the process, those properties must be known at each rele- 
vant point in space. 

characterization of a geologic site, such as at Yucca Moun- 
tain. Because descriptive characterization is limited both by 
access (particularly to the subsurface) and by the availabil- 
ity of resources, that description is necessarily incomplete. 
Therefore, the exhaustive description of a site for purposes 
of numerical physical-process modeling requires the prior 
assumption of some type of conceptual model for the site, 
which is then implemented to assign the values of the nec- 
essary properties and other variables at every point in 
space. 

11. DESCRIPTION OF ACTUAL WORK 

We have recently completed the creation of a set of 
rock-property and uncertainty models for several important 
hydrological and thermal properties for the extended site 
area of the potential Yucca Mountain repository site using 
geostatistical simulation techniques. The modeled interval 
extends stratigraphically from the base of the Tiva Canyon 
Tuff through the base of the Prow Pass Tuff (all of Miocene 
age), including the potential repository host interval in the 
middle interval of the Topopah Spring Tuff. 

A suite of 100 stochastic, regularly gridded models of 
porosity was generated using the sequential gaussian simu- 
lation algorithm,' conditioned to some 25,000-plus mea- 
sured porosity values obtained from drillholes irregularly 
distributed in three-dimensional space. The porosity data 
include values from both core samples and downhole petro- 
physical measurements. A set of models for secondary rock 
properties observed to exhibit strong positive or inverse 
correlations with porosity was then generated using the the- 
ory of linear ~ore~iona l iza t ion?~~ in which the secondary 
variable is assumed to exhibit essentially the same spatial 
correlation structure of the vrimarv variable but is related to 

In contrast, the description or characterization of any that primary variable only to the extent of the observed cor- 
site invariably consists of collecting various observations of relation coefficient between the them. The secondary rock 
properties or state variables at a limited number of loca- properties include saturated matrix hydraulic conductivity 
tions. This is particularly true for the three-dimensional and thermal conductivity. Bulk density was also modeled, 



but by using simple linear regression with porosity as a the Yucca Mountain site is heterogeneous, both vertically 
result of virtually one-to-one correspondence between these and laterally, and that geologically based heterogeneity 
two properties. exists on several scales. The simulated matrix-property 

These replicate stochastic rock property models were 
then processed to yield spatially heterogeneous models of 
the uncertainty associated with the simulated rock-property 
models. Uncertainty is presented for visualization purposes 
as the node-by-node standard deviation of the suite of simu- 
lated models. 

III. RESULTS 

The simulated porosity models essentially reproduce 
the measured porosity data at the discrete grid locations 
closest to the actual sample locations. The porosity models 
also exhibit the full range of heterogeneity captured by the 
samples (fig. I), and the simulated values reproduce three- 
dimensional spatial continuity patterns (variograms) 
present within the set of raw measurements (fig. 2). As 
such, the simulated porosity models cannot be distin- 
guished from one another statistically, nor can they be dis- 
tinguished from the original data ensemble. The simulated 
secondary-property models likewise exhibit the full range 
of univariate and spatial heterogeneity observed in the sam- 
ple data, as well as the spatial correlation structure imposed 
by the necessary assumption of linear coregionalization. 

Collectively, the simulated models present in an objec- 
tive, quantitative manner, the spatially variable level of 
uncertainty in the numerical representation of material 
properties at the Yucca Mountain site (fig. 4). Uncertainty is 
low in the vicinity of the more intensely drilled and charac- 
terized Exploratory Studies Facility, higher in the relatively 
undrilled west repository block region, and quite high 
throughout much of the only sparsely drilled extended site 
area. 

IV. CONCLUSIONS 

models of porosity, density, and thermal and hydraulic con- 
ductivity provide useful insights regarding spatial variabil- 
ity of rock properties on the site scale. These models can 
also be used directly as the exhaustive numerical descrip- 
tion of the geologic domain required for subsequent numer- 
ical modeling of physical processes active at the Yucca 
Mountain site. The simulated models also provide the basis 
for quantitative estimates of the spatially variable geologic 
uncertainty associated with these models, that which results 
from less-than-exhaustive site characterization. 
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Figure 1. Comparison of histograms for (a) measured porosity data; (b) simulated porosity values for one rock property 
simulation; and (c) porosity values from summary expected-value (kriged) property model. PTn nonwelded model unit. 
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Figure 2. Reproduction of the sample variogram (large circles) and input model (heavy solid line) by four different 
simulated models (lighter dashed lines). Solid line with small dots is variogram of summary expected-value (kriged) 
model. Horizontal dotted line is a priori variance of the data. (a) Stratigraphically horizontal; (b) stratigraphically 
vertical. Welded portion of Topopah Spring Tuff (TSw model unit). 

Figure 3. Perspective diagram of Yucca Mountain looking toward the northeast and showing variations in total porosity 
scaled from low (dark) to high (light). Summary expected-value model; plain-shaded volumes not modeled. Horizontal 
curved object is the Exploratory Studies Facility tunnel. 



Figure 4. Perspective diagram of Yucca Mountain looking toward the northeast and showing variations in uncertainty in 
total porosity. Uncertainty is represented as the node-by-node standard deviations of total porosity across 100 
geostatistical simulations, and is scaled from low adjacent to near-vertical drillholes to high at large distances from 
drillholes. Horizontal curved object is the Exploratory Studies Facility tunnel. Tiva Canyon welded unit not modeled. Cut- 
away portion of model extends both farther north and farther east than that shown in figure 3. 


