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ABSTRACT 
 

Groundwater flow and radionuclide transport at the Milrow underground nuclear 
test site on Amchitka Island, Alaska, are modeled using two-dimensional numerical 
simulations. A multi-parameter uncertainty analysis is adapted and used to address the 
effects of uncertainties associated with the definition of the modeled processes and the 
values of the parameters governing these processes. In particular, we focus on the 
effects on radioactive transport of uncertainties associated with heat conduction and 
convection relative to the uncertainties associated with other flow and transport 
parameters. These include recharge, hydraulic conductivity, fracture porosity, 
dispersivity and matrix diffusion. The flow model is conceptualized to address the 
problem of density-driven flow under conditions of variable salinity and geothermal 
gradient. The conceptual transport model simulates the advection-dispersion process, 
the diffusion process from the high-velocity fractures into the porous matrix blocks, 
and radioactive decay.  

Nine parameters governing the solution of the density-driven flow and the 
radionuclide transport problems are considered uncertain and are sampled from their 
respective distributions using the Latin Hypercube Sampling technique. These nine 
parameters are divided into three sets of parameters with three parameters in each set. 
The first set contains the physical parameters affecting the flow and salinity problem, 
and the second set contains the heat-related parameters that also affect the flow 
problem. The third set contains the mass transport parameters that are employed in 
modeling the radionuclide transport from the nuclear test cavity toward the seafloor. 
The flow simulations are performed using the finite element FEFLOW code, whereas 
transport modeling is performed using a random walk particle-tracking algorithm. The 
flow model is calibrated to measured head, salinity, and temperature data with 
reasonable match between simulated and measured values.  

The parametric uncertainty analysis focuses on evaluating the relative importance 
of the three sets of parameters in terms of the resulting uncertainty of mass arrival 
time and flux across the seafloor. The results show that the uncertainty associated 
with rock thermal conductivity, heat capacity and geothermal heat gradient has a 
relatively small impact on the mass flux moments as compared to the physical flow 
(conductivity, recharge and macrodispersivity affecting salt dispersion) and transport 
(local dispersivity, fracture porosity and matrix diffusion) parameters. However, the 
relative importance of the different conceptual models changes as a function of 
radioactive decay, with rapid decay magnifying the differences between these models. 

 The large uncertainty found for migration rates and arrival times arises in large 
part from the simulated location of the zone of transition between freshwater and 
saltwater relative to the subsurface position of the nuclear test cavity. Variation in the 
depth of the transition zone causes large changes in the magnitude of groundwater 
velocity, and thus radionuclide migration, from the initial contaminant source at the 
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nuclear cavity. The main contributors to the modeled uncertainty in the location of the 
transition zone are the recharge-conductivity ratio, and, to a lesser extent, the 
macrodispersivity parameter governing salt dispersion. 
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