











Ground water levels

Groundwater flow between permeable layers with
different hydrostatic pressure




Thermal response test and artesian flow
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Thermal response influenced by groundwater flow

Case Power [kW] Dur [h] &, [W/m,K] R, [Km/W]
M1 6 70 34 0.065

Circulation pump 26
3 98 G722 0.069
6 99 G722 0.059
Circulation pump 71 2 0.104

Circulation pump 23
[ 72 35 0.067
3 96 3.5 0.077

Termiskt borrh&lsmotstand

Circulation pump 27
6 116 a3 0.065
Circulation pump 53 3% 0.096
& 120 a3 0.073
Circulation pump 23

B 307 a3 0.073

TRT measurements at Luled
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High injection rates and high
temperatures give lower borehole
thermal resistance due to natural
convection within the borehole
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Ground-water filled boreholes




Simulations of natural convection in borehole

The water close to the pipes will rise during heat
injection

Water velocity depends on temperature (viscosity).
Heat injection rate 75 W/m

12°C results in maximum velocity of 0,006 m/s

24°C results in maximum velocity of 0,009 m/s

38°C results in maximum velocity of 0,011 m/s
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In 2004 a new TRT equipment was built at Lulea
Technical University. It contains both an electric
heater and a heat pump

Overtornea

162 m groundwater-filled borehole, single U-pipe

5 days heat injection 12 kW
7 days rest,
6 days heat extraction 7,3 kW

Results
A, =42 WimK
R, = 0,066 Km/W (heat injection)

Fluiid tempesature [C]

Ry, = 0,094 Km/W  (heat extraction, unfrozen)
Ry = 0,075 Km/W (heat extraction, frozen)
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The thermal response test is now a
standard procedure for large projects in Scandinavia
At least 200 TRTs have been performed






