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Effects of in-situ, long-term thermal loading on groundwater quality in marine sediments
of Arakawa Lowland, Japan
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Subsurface temperature increase (”subsurface warming”) has been documented below many large cities worldwide. The
observed subsurface temperature increase has shown close relations with surface warming effects due to global warming and
urbanization. Recently, ground source heat pump (GSHP) systems have become popular as a renewable energy technology for
space cooling and heating. Operation of GSHP systems for space cooling discharges waste heat into the subsurface environment
and, thus, induces additional subsurface temperature increase. However, any potentially negative impacts of GSHP-induced
temperature increase on the subsurface environment have not been studied in detail. The objective of this study was therefore to
investigate the effects of in-situ, long-term thermal loading on groundwater quality.

A GSHP system was installed in a 50-m deep borehole with a corresponding 50-m long U-tube heat exchanger at the campus
of Saitama University in the Arakawa Lowland, Japan. Four groundwater monitoring wells were installed in a marine sand
sediment aquifer (around 17-m depth) at 1-m (W1), 2-m (W2), 5-m (W5), and 10-m (W10) distance from the U-tube. At each
monitoring well, temperature detectors were placed in 10 depths at approximately 5-m interval, and the subsurface temperature
was monitored before and during thermal loading. For the thermal loading, approximately 40℃ water was circulated inside
the U-tube heat exchanger for 13 months, and groundwater was frequently sampled from all four monitoring wells every 1 to 2
weeks. A wide spectrum of chemical properties (including pH, EC, DO, ORP ”oxidation-reduction potential”, dissolved gases,
dissolved organic carbon, inorganic ions, and trace elements) were measured to characterize groundwater quality.

The subsurface temperature at the nearest monitoring well (W1) increased gradually with approximately 8℃ from 17℃ (base-
line) to 25℃ during 13 months of thermal loading. In contrast, at the farthest monitoring well (W10), there was no significant
change in subsurface temperature, and W10 was therefore selected as a reference (non-temperature affected) monitoring well.
A number of chemical components in the groundwater, including boron and potassium, increased markedly at W1 compared to
W10. Since marine sediments typically contain high concentrations of chemical components including boron and potassium, the
observed increase in groundwater concentration is likely due to thermally-induced dissolution and/or desorption from the marine
sediment. The possible mechanisms behind the observed concentration increases will be discussed.
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