GLOBAL SENSITIVITY ANALYSIS OF MODEL PARAMETERS,

HEAT TRANSPORT PROCESSES AND DESIGN PARAMETERS IN ATES SYSTEMS
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Aquifer thermal energy storage (ATES) already is widely implemented but
uncertainty in thermal and hydraulic properties persists when aiming to make
robust predictions, especially in challenging environments. Using sensitivity
analyses, this research aims to provide novel insights into the relation between
model variables and thermal recovery efficiency. The sensitivity analysis also
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Prior distributions

Setting boundary conditions and model and operational

parameters in hydrogeological models is subject to

uncertainty. This uncertainty about the true parameter

values can be addressed using a prior distribution
representing all possible model model realizations.

Case 1.

Thick productive aquifer

Case 2:

Shallow alluvial aquifer

This is a computationally efficient method to
determine model variables with the largest
influence on the data and the prediction.

Model realizations are randomly sampled from the
prior and the ATES system is simulated.

250 model realizations were sampled from the prior distribution. For each, an ATES system was
simulated and the temperature evolution at the warm and cold well was generated. This model
response was clustered into 3 classes using the Kmedoids method. The classes represent ATES
systems with a high/medium/low temperature difference which can be linked to most/less/least
efficient systems in terms of thermal recovery.

The natural hydraulic gradient and hydraulic conductivity of the most transmissive part of the
aquifer were identified as sensitive parameters. A sensitive interaction was also identified
between those parameters.
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‘ Both vertical thermal losses and gains should be
considered in unconfined storage aquifers.
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The DGSA output can reduce the model complexity without significantly reducing
the uncertainty, which is crucial considering the future growing complexity of data
and models and the aim for improvement and uncertainty quantification.

running the same 500 model realizations without
considering the seasonal soil temperature
fluctuations. Results are similar in terms of
thermal energy exchange but consistently
underestimate the recovery efficiency (max 6%).




