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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
allowes us to explore the influence of soil temperature variations on the efficiency
of ATES in shallow aquifers, which has previously been overlooked.
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Case 1: Thick productive aquifer

RESULTS

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.  

METHODOLOGY

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.

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.

APPLICABILITY

Substantiated basis for fixing  parameters to
average values

Darcy flux measurements to predict relative ATES
efficiency before investing in more detailed studies

No need to reflect soil temperature variations in
models of shallow ATES

Thermal recovery efficiency

Thermal energy exchange

Affected by operational specifics as well as by the

hydrogeology, it gives an indication of the overall

energy savings of the ATES system.

This vertical exchange between the storage

aquifer and the atmosphere was observed in the

0.5 m layer above the shallow aquifer.

Distance-based global
sensitivity analysis (DGSA)

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.

The DGSA relies on the fact that sensitive

parameters allow the model response to be

subdivided into different clusters.

Fenwick et al., 2014. Mathematical Geosciences 46(4), 493-511

Case 2: Shallow alluvial aquifer

FUTURE
OUTLOOK

For statistically significant results, 500 model
realizations were sampled from the prior
distribution. The DGSA of the temperature
evolution shows similar results as case 1.
Additionally, the annual storage volume is
identified as sensitive. The cdf of the annual
storage volume illustrates that realizations
with a larger volume retain higher temperature
differences and thus a higher efficiency.

The apparent insensitivity of the soil temperature
to the recovery efficiency was challenged by
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%).

Additionally, a DGSA of the thermal energy
exchange right above the storage area
occurred, showing sensitivity to the storage
volume﻿ and hydraulic conductivity.

Thresholds linking Darcy’s flux to the relative ATES
efficiency are identified.

MAIN FINDINGS

Despite the large prior uncertainty, many
variables are insensitive.

The hydraulic conductivity and natural gradient,
together constituting the Darcy flux, are identified
as key parameters influencing the ATES efficiency. 

Soil temperature variations influence shallow
storage aquifers and thus the ATES efficiency,
although model simplifications are justified.

Both vertical thermal losses and gains should be
considered in unconfined storage aquifers.


