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Relevance of thermal conductivity in BTES
installations

» The thermal conductivity determines the amount of drilling
needed in the design of a BTES given the energy storage
and power requirements.

* In case of future performance discussions a thorough
conductivity measurement may form a sound basis for
improvements or extensions.
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Mogensen, 1983

First reported TRT testin a
borehole.

Measures borehole resistance
as well.

2,7 kW cooling power

Water chiller

5

Notable features of the TRT equipment

Cooling instead of heating — close to water
density maximum — less buoyancy flows

Compressor cycle, inherently as stable as the
line frequency, however, thermostats etc. required

Single phase operation

Transportable in a medium sized van
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Temperature registration at the first TRT

The time required by the circulation through the borehole is noticeable
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Evaluation of temperature registration

The temperature is plotted with a logarithmic time scale. The result is a
straight line, the slope of which is a measure of the thermal conductivity
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What does a TRT represent?

Influence radius after 100 hours of heat injection

Example of simulated ground water flow
with impact on TRT (Liebel, 2012)

Borehole TRT
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Borehole before 5h Oh

Sediment

Temperature
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The future:
Better
Documenation
and
Measurements
during TRTs

- Drilling logs

- Groundwater
Level and flow
- Notes on
soil/rock

- Temperature

- Exact location

Geologisk Kartering:

0-2m  Lerig siltig morin

2-dm Samd
4-6Tm  Siliig kerig mocin
6,7m Bergiveryta
67-18m  Vixlande gri och s gnejs V2
lokalt vittrade partier V3
18-20m  Kaolinvittrad gnejs V3
20-28m Vaxlande grd och 16d gnejs V2
lokalt smé mslag av vittrad amfibolit V5
28-40m Vaxlande grd — rod gnejs
AD—46m  Ged greds
46-58m Rod gnejs med lokal epidotiakning och
lesfylkda sprickor
SE—6dm Gl gnejs (finkormig 61-64 m)
&-TIm  Rodgnejs
T1-82m (it finkomig gnejs
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Sprickor och vatten
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Om vittring i bergmassan forekommer anges detta med skalan
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Depth [m]

Examples of undisturbed temperature profiles

Temperature [°C]
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Undisturbed ground
temperature

50

- Local conditions at different
depths 1eo

- Influence from neighbour
installations

- First indication about ground
properties

- Information about stability of
the borehole before 200
performing a TRT

150

Borehole length [m]
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—Stockholm 2
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—Vastervik

—Uppsala
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Some options to measure along the depth (1)

Distributed Temperature Sensing with laser light
through optical fiber. Part of backscattered
signal is temperature dependent

GeoWIRE: Automated
temperature acquisition at
pre-established sequences.
- Wired waterproof
temperature sensor

- Sensor position through
depth adjusted by a
servomotor and an encoder

1,40

&46m
GeoBall:
-Autonomous temperature ___H“_“ ‘_.
sensor B
- Circulates inside the pipes
- Data downloaded wirelessly 6,4
and battery charged at the
same time Hdim

ain

=4 Temperature logs along the borehole during a TRT
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4 "12,5126 24125
12015.09.15 gg.q5 " 123124 W12,2123
0150915155y B124122 =120421
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[°C]

2015.09.15 1-50 11,8120  w 11,8118
720150916 03:50 11,7118 w 11,6117
/20150916 0950 115116 ®11,4115
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~2015-09-16 15
o 50 11,1412  ®11,011,1

/2015.09-16 21:50

So015.00 %@ 10,911,0 10,8-10,9
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/20150817 0:50 00 10,5106 ®104105
2015.09.17 15,50 @Q ®10,3-104 =10,2-10,3
.\.u 015-09-17 21:50 W. ®10,1-102 ®10,0-10,1
D, 20150918 03:50 Q 9,900 =999
: ]
epe h o et b 9,798 9,69,7
hy ., :50 9,596 9,495
5.\ J‘W& 5 03 59, A0,
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- Low and high thermal g
conductivity layers

Bjsrnegard

Thermal conductivity [W/mK]

Example of observed ,° * ¢ ° °® ©
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- Groundwater flow 50
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Conclusions

Performing thermal conductivity tests dates from the early 80s

Often, the data evaluation is based on the transient probe
method (line source)

The radius of thermal influence of a TRT is approximately 0.6 m
TRTs in presence of groundwater flow can influence test results

Better documentation of test boreholes during drilling and
testing is recommended

Temperature measurements at different instances along test
boreholes help identifying anomalies with better resolution
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