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The valley-fill alluvial aquifer of Fortymile Wash is conceptualized as a natural barrier to
radionuclide transport from a potential high-level nuclear waste repository in Yucca Mountain,
Nevada.  The valley-fill alluvial aquifer is being represented as a hydrogeologically
homogeneous unit in site-scale saturated zone models.  Geological and geophysical surveys
conducted in the area indicate strong spatial variability of facies distributions, leading to 
uncertainty about flow and transport processes within the alluvium, and particularly the impact of
preferential flow paths on site-scale radionuclide transport.  The main purpose of this work is to
evaluate the effectiveness of the alluvium in isolating radioactive waste from the accessible
environment, by considering the spatial variability of the alluvium structure.  A facies-driven
approach is adopted to simulate both physical and chemical heterogeneities in the alluvium. 
Based on borehole cutting log analyses, outcrop studies, and sedimentological scaling
relationships, a multiscale, hierarchical hydrofacies model is developed where the main
hydrofacies are classified corresponding to different scales of bedforms and deposits, and to the
contrasts in permeability.  A transition probability/Markov chain geostatistical approach is used
to generate realistic replicas of subsurface facies distributions, which in turn, are translated into
permeability distributions using site-specific values.  A set of normalized Np-237 sorption
parameters pertaining to Fortymile Wash alluvial aquifer are analyzed using geostatistical
methods, and the results are combined with surface area distributions to enable simulation of
Np-237 sorption parameter distributions.  Monte Carlo simulations of non-reactive and reactive
transport are performed using fine-resolution models that have dimensions on the order of a
block in the site-scale models.  Flow-based upscaling indicates that the magnitudes of mean
block hydraulic conductivities are close to the hydraulic conductivity values assigned to the
valley-fill alluvial unit in site-scale models.  The results of reactive transport modeling indicate at
most a two-fold increase in solute spread in the longitudinal direction.  Additional numerical
tests are conducted to quantify the moments of breakthrough curves. 
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