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Simulation of thermal distribution with the effect of groundwater flow in an
aquifer thermal energy storage (ATES) system model
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Abstract

Aquifer Thermal Energy Storage (ATES) can be a cost-effective and renewable
geothermal energy source, depending on site-specific and thermohydraulic conditions. To
design an effective ATES system having the effect of groundwater movement,
understanding of thermohydraulic processes is necessary. The heat transfer phenomena for
an aquifer heat storage are simulated by using FEFLOW with the scenario of heat pump
operation with pumping and waste water reinjection in a two layered confined aquifer
model. Temperature distribution of the aquifer model is generated, and hydraulic heads and
temperature variations are monitored at the both wells during 365 days. The average
groundwater velocities are determined with two hydraulic gradient sets according to
boundary conditions, and the effect of groundwater flow are shown at the generated thermal
distributions of three different depth slices. The generated temperature contour lines at the
hydraulic gradient of 0.001 are shaped circular, and the center is moved less than 5 m to
the direction of groundwater flow in 3656 days simulation period. However at the hydraulic
gradient of 0.01, the contour center of the temperature are moved to the end of east
boundary at each slice and the largest movement is at bottom slice. By the analysis of
thermal interference data between two wells the efficiency of the heat pump system model
is validated, and the variation of heads is monitored at injection, pumping and no operation
mode.
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Fig. 1. An aquifer model with geothermal heat pump
system for the utilization of aquifer thermal
energy storage.
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Fig. 2. Schematic diagram of finite element mesh and
well locations for ATES system simulation.
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Fig. 3. Basic principles of aquifer thermal energy
storage in the absence of groundwater flow[14].
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Table 1. Input parameters for the fluid and aquifer

materials

Parameter Unit Assigned Value
porosity 1 02
x, yhydraulic conductivity s 0.0001
zhydraulic conductivity ms 0.00001
storativity 1 00001
volumetric heat capacity (fluid) 10° J(m"K) 42
volumetric heat capacity (solid) 10° J(m-K) 216
heat conductivity (fluid) WimsK) 065
heat conductivity (solid) Y(ms-K) 26
longitudinal dispersivity m I
transverse dispersivity m 0.1
source(+)sink(-) of fluid J(m-d) 0
source(+Ysink(-) of solid Wii-d) 0
In-transfer rate Wmd-K) 0
Out-transfer rate Wrord-K) 0
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Table 2. Average groundwater velocity and temperature
range at each depth slice according to two
hydraulic gradients 0.01 and 0.001 at the end
of the simulation period

average groundwater
velocity (m/day)

slice 1}slice 2|slice 3| slice 1 slice 2 slice 3

temperature (°C)

hydraulic
gradient

Min. | Max.| Min. | Max, | Min. { Max.

0001 100087 | 0.0086 | 0.0087 | 1459|17.04|9.013|21.94| 822 {27.40

001 {00858 |0.0859 | 0.0860 | 12.12|1846|12.13|1994| 917 | 26.12
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Fig. 4. Simulated temperature distributions at each
depth slices after 1 year operation with cycling
regime according to the hydraulic gradient
0.001 (3, b, ¢) and 0.01 (d, e, f) in the ATES
system operation having the effect of
groundwater flow.
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Fig. 5. Monitored groundwater levels and temperature
changes at the west and east well during 365
days with cycling regime method in the
condition of hydraulic gradients of 0.001 (a, b)
and 0.01 (c, d), respectively.
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