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Model predictions are affected by uncertainty in input parameters, stochastic variability in 
formation properties, computational roundoff and cancellation errors, and errors in the 
conceptual model. The source, nature, and relative magnitude of these errors vary 
considerably, depending on the physical processes involved, the quality and amount of 
available characterization data, and the overall objective of the study. We examined various 
types of uncertainties and their propagation with a predictive model that simulates a water 
pulse flowing through an unsaturated, fractured porous medium. The'propagation of the 
water pulse depends not only on the hydraulic properties of the fracture network, but also 
on the strength of fracture-matrix interactions and the storage capacity of the matrix. 
Different predicted variables (such as local saturation changes, total amount of water 
retarded in the matrix, or first arrival of water at a certain depth) depend on different 
parameters and thus show different uncertainty structures. The strong nonlinearities 
inherent in such a system require the use of Monte Carlo simulations. These simulations 
investigate the spread of model predictions as a result of changes in spatial variability and 
uncertainty in key input parameters. We also discuss the role of conceptual-model 
formulation and parameter estimation in the development of reliable prediction models. We 
observe that systematic errors in the conceptual model often render probabilistic uncertainty 
analyses meaningless if not misleading. Nevertheless, sensitivity analyses provide useful 
insight into the system behavior and help design experiments that eventually would reduce 
prediction uncertainties. 
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