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Simulation for the Estimation of Design Parameters in an Aquifer-
Thermal Energy Storage (ATES) Utilization System Model

Byoung Ohan Shim*

Groundwater & Geothermal Research Division, Korea Institute of Geoscience and Mineral Resources (KIGAM)

ABSTRACT

An aquifer thermal energy storage (ATES) system can be very cost-effective and renewable energy sources, depending on
site-specific parameters and load characteristics. In order to develop the ATES system which has certain hydrogeological
characteristics, understanding the thermohydraulic process of an aquifer is necessary for a proper design of an aquifer heat
storage system under given conditions. The thermohydraulic transfer for heat storage was simulated according to two sets
of simple pumping and waste water reinjection scenarios of groundwater heat pump system operation in a two-layered
aquifer model. In the first set of the scenarios, the movement of the thermal front and groundwater level was simulated by
changing the locations of injection and pumping wells in a seasonal cycle. However, in the second set the simulation was
performed in the state of fixing the locations of pumping and injection wells. After 365 days simulation period, the shape
of temperature distribution was highly dependent on the injected water temperature and the distance from the injection
well. A small temperature change appeared on the surface compared to other simulated temperature distributions of 30 and
50 m depths. The porosity and groundwater flow characteristics of each layer sensitively affected the heat transfer. The
groundwater levels and temperature changes in injection and pumping wells were monitored and the thermal interference
between the wells was analyzed to test the effectiveness of the heat pump operation method applied.

Key words: Aquifer thermal energy storage (ATES), Groundwater source heat pump, Thermohydraulic, Heat conductivity
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Fig. 1. A model of aquifer with groundwater heat pump system
for the utilization of aquifer thermal energy storage.
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Table 1. Input parameters for the fluid and aquifer materials

parameter Unit Assigner Value
x, y-hydraulic conductivity m/s 0.0001
z-hydraulic conductivity m/s 0.00001
storativity 1 0.001

volumertric heat capacity (fluid) 10%7/(m*K) 42
volumertric heat capacity (solid) 10°J/(m*-K) 2.52
heat conducitvity (fluid) J/(m-s-K) 0.65
heat conducitvity (solid) J/(m-s-K) 3.0

longitudinal dispersivity m 5
transverse dispersivity m 0.5
source (+)/sink (=) of fluid J/(m2-d) 0
source (+)/sink (-) of solid Ji(m?2-d) 0
In-transfer rate J/(m-d-k) 0
Out-transfer rate J/(m-d-k) 0

Slice 1 (surface)
e LA

\ ATy
Slice 2 (-30 m depth)
Plicll we

-2
\\\\‘\\ Slice 3 (-50 m depth)

K
e')
A I et OB

\\\\\\\\'(‘\\\\\ Y

Fig. 2. Schematic diagram of finite element mesh and well
locations for ATES system simulation. This figure is arbitrarily
scaled.
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Fig. 3. Basic principles of aquifer thermal energy storage (Sanner, 1999).
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Fig. 4. Simulated temperature distributions according to the ATES system operation with the cycling regime method.
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