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In natural subsurface systems, expensive data collection limits the amount of information obtained to
properly characterize the subsurface system and develop a reliable groundwater model. Data worth
analysis combined with optimal design of monitoring networks can be used to provide the necessary
information to define the optimal placement for subsurface sampling under constraints of limited
characterization. I n this work, we utilize the concept of data worth and sampling optimization
techniques to reduce groundwater model prediction uncertainty. We develop two sampling
optimization methods using a model prediction covariance resulting from inverse parameter
estimation and newly emerging schemes such as Ant Colony optimization. In addition to direct
evaluation of the uncertainty reduction, Mutual Information (MI) criteria are used to quantify the
information content of the collected data with the underlying assumption that data with higher MI
will play a bigger role in reducing the uncertainty in the model prediction. The analysis is conducted
using a unique experimental dataset which includes concentration breakthrough curves at a 0.25 cm
grid scale in each dimension over a 13 x 8 x 8 cm3 heterogeneous sand-box (~53,000 measurement
locations) obtained using magnetic resonance imaging. The model prediction uncertainty of the mean
arrival times and second central moments averaged at different scales (e.g., 0.25cm, and 1 cm cubes,
as well as vertical columns) can provide guidance for new data collection efforts during monitoring
network design. We employ a highly parameterized groundwater transport model and data worth
analysis to evaluate the reduction of model predictive uncertainty at different scales and locations as
a result of newly collected data. The effect of structural uncertainty on m odel prediction and data
sampling will be explored by evaluating their relationship with the variogram model parameters.
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