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Abstract

A Monte Carlo-based approach to assess uncertainty in recharge areas shows that incorporation of atmospheric tracer observations (in this case, tritium
concentration) and prior information on model parameters leads to more precise predictions of recharge areas. Although the addition of atmospheric
tracer observations and prior information produced similar changes in the extent of predicted recharge areas, prior information had the effect of
increasing probabilities within the recharge area to a greater extent than atmospheric tracer observations.

For gradient-based parameter estimation methods, where a simulation model is run repeatedly to populate a Jacobian (sensitivity) matrix, there exists a
need for rapid simulation methods of known accuracy that can decrease execution time, and thus make the model more useful without sacrificing
accuracy. We have employed convolution-based methods that can be executed rapidly for any desired input function once the residence-time
distribution is known. This distribution can be calculated efficiently using particle tracking. Particle tracking can also be used to simulate recharge
areas, but in many cases these recharge areas are highly uncertain because parameters such as hydraulic conductivity and recharge rates have errors
associated with them. We have developed Python scripts to run Monte Carlo simulations with Latin hypercube sampling where model parameters such
as hydraulic conductivity and recharge are randomly varied for a large number of model simulations, and the probability of a particle being in the
contributing area of a well is calculated based on the results of multiple simulations. We also developed a convolution-based particle tracking
algorithm for transient flow fields, which is better able to capture multimodal breakthrough caused by changes in pumping at the well.

Finally, we applied these numerical tools to an existing groundwater-flow model of Salt Lake Valley, Utah. The model was adapted for use with
convolution-based advective particle tracking to explain broad spatial trends in dissolved solids. Our model supports the hypothesis that water
produced from wells is increasingly younger with higher proportions of surface sources as pumping changes in the basin over time. Calibration to
tritium concentrations was used to estimate effective porosity and improve correlation between source area changes, age changes, and measured
dissolved solids trends. Uncertainty in the model is due in part to spatial and temporal variations in tracer inputs, estimated tracer transport
parameters, and in pumping stresses at sampling points. For tracers such as tritium, the presence of two-limbed input curves can be problematic
because a single concentration can be associated with multiple disparate travel times. We also applied the model and effective porosity was adjusted
until simulated tritium concentrations match concentrations in samples from wells. Two calibration approaches are used: a complex highly
parameterized porosity field and a simple parsimonious model of porosity distribution. Of the models tested, the complex model (with tritium
concentrations and tritium/helium apparent ages) performs best, even though tritium breakthrough curves simulated by complex and simple models
are very generally similar.
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