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1. INTRODUCTION
•
•
•
•
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Nearly half of Europe’s total energy consumption is contributed to
buildings. Heating and cooling consist of a significant part of this
consumption.
Groundwater heat pumps (GWHPs) are highly efficient,
environmentally friendly and low-carbon technology.
They can supply heating and cooling to buildings at small to large
scale by utilizing low-temperature sources between 0°C and 30°C.
GWHP systems can help in achieving European energy and climate
targets of net-zero greenhouse gas (GHG) emissions by 2050.

Different injection and abstraction rates were calculated and from
field data to be used in the simulation.
The current system is designed with a maximum abstraction rate of
9 l/s per borehole (BH4 & 5).
The maximum injection rate was designed as 6 l/s for each injection
well, to balance the total abstraction and injection rate of 18 l/s.
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Fig. 9. Simulation results of temperature profiles obtained at 0, 1, and 10 m away from
the well surface.
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The temperature distribution results with depth at the end of one
year of simulation time are shown in Fig. 9.
The ground temperature at and around the wells decreases down to a
maximum of 5 °C.
The soil temperature drops significantly around the injection wells
due to heat transfer via convection and conduction.
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Fig. 5. Injection and abstraction flow rates per borehole.
Fig. 1. Groundwater heat pump working principle [Modified from Singh et al. (2019)].

2. PROJECT DESCRIPTION
•
•
•

Colchester Northern Gateway Heat Network is the largest GWHP
system using the confined chalk aquifer in the UK.
It will provide district heating and domestic hot water to healthcare
buildings, 300 dwellings and offices.
GWHP (800 kW) uses relatively hot water (13°C) from a shallow
aquifer (135–200 m below ground level).

3. METHODOLOGY
•

The finite element subsurface flow and transport system (FEFLOW)
was chosen as a simulation tool to carry out groundwater modelling
for an open-loop heat pump system.
The model domain was created with dimensions of 1320 m × 844 m
× 300 m, which ensures that flow and heat transfer occur inside the
domain and eliminated edge effects.
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Fig. 10. Simulation results of thermal evolution obtained at 135 m bgl.
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A higher temperature drop was observed at the locations close to
injection wells.
The farthermost observation point affected by water injection is the
point located 50 m downstream of the injection wells. That can be
attributed to the coupled heat transfer due to conduction and
convection within the chalk.
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4. CONCLUSION

Fig. 2. Borehole locations at Colchester Northern Gateway (Google Earth)

•
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The system has two abstraction wells and three injection wells into
which thermally used groundwater at 5°C is injected.
The maximum total abstraction flow rate is 18 liter per second per
borehole.
The natural groundwater flow is from injection well to abstraction
well, which is not the best case for a GWHP system.

Fig. 6. Top view of the model domain with locations of wells and observation points.

4. RESULTS AND KEY FINDINGS
•

•

•
•
•

The thermal energy gain from the simulation results is 11.25%
lower than the actual designed value (Fig 11).
This could be attributed to the conservative approach adopted in the
modelling process, where additional energy gain from the sun which
could add to the system’s performance, is neglected.
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Fig. 3. Conceptual hydrogeological model including boreholes, maximum
abstraction/injection rates and design abstraction//injection temperatures [Modified from
Boon et al. (2019)].
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The heat pump system covers 75% of the total thermal load of the
buildings.
Heating demand is higher in winter compared to the heating demand
in summer.
As it supplies domestic hot water (DHW), the system works 12
months a year.

The undisturbed temperature
measurements at the site were
conducted
by
British
Geological Survey in 2020.
The temperature gradient at the
site varies with depth, between
2.0°C and 2.6°C per 100 m,
with the steepest gradient seen
in the clay-rich Paleogene
cover and the lowest gradient
in the chalk between 100 m
and 200 m depth interval.
The maximum and minimum
groundwater
temperatures
measured were 10.16°C at 45
m bgl and 14.18°C at 200 m
bgl.
Considering the submersible
pump inlets in the abstraction
wells are designed to be set at
c.110 m bgl, the undisturbed
pumped temperature range
would likely be around 12.5°C
to 13.0°C.

Fig. 11. Calculated and simulated results for the thermal energy gain from groundwater.
Fig.
7.
Measured
groundwater
temperature profiles [adapted from
British Geological Survey (2020)].
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Extraction and injection significantly impact the water level at and
around the injection and abstraction wells, which creates a very high
head difference of up to 122 m between the injection and abstraction
wells compared to the initial head difference of about 1.4 m.
The heating operation creates a thermal plume, which develops
mainly around the injection wells radially due to conduction and
convection.
The thermal plume dimension is around 50 m. Therefore, it does not
affect the abstraction temperature after one year of operation time as
the shortest distance between injection and abstraction wells is 530
m.
The designed COP for the system is 3.91; however, the simulation
results show that the COP is around 3.47.
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Fig. 8. Water level variations in boreholes.
Fig. 4. Total design space heating demand including DHW, heat pump output and thermal
energy obtained from groundwater.
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The water level distribution in injection and abstraction wells is
shown in Fig. 8.
The water levels observed in the wells fluctuate throughout the year
since the abstraction and injection rates differ for each month.
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