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Experimental and theoretical study on heat mechanism of
groundwater flow (First report)
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Abstract

In recent years, the snow melting system of sprinkling groundwater has come into
wide uses in urban areas in Japan-Sea side, which have repeatedly experienced large
amounts of snow in winter season. In this system, a large volume of groundwater has
been drawn up into confined areas. However, several kinds of problems, such as land
subsidence accompanied by the lowering of the groundwater level, have frequently
occurred. In replacement of the old-fashioned system, the new snow-melting method
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using only groundwater-reserved heat has been gradually increased, and now there are
sixteen facilities of this new method in Yamagata Prefecture.

The purposes of this study are to elucidate the heat diffusion mechanism of
groundwater and to improve the technology of snow treatment before the appearance
of heat problems underground. The Shinjo Branch of Snow and Ice Studies of the
National Research Institute for Earth Science and Disaster Prevention has carried out
field studies on the heat diffusion mechanism of groundwater associated with the snow
melting system using heat from groundwater.

Seven experimental wells of 30m-deep were set up in the precincts of the Shinjo
Branch. By installing a cold junction to the thermobath, the accuracy of temperature
measurements of better than £0.03°C was achieved.

Warm and cool waters were injected to recharge the well during the period Apr.
3 to May 11, 1990. The volumes were 500m?® each and their temperatures were 40°C and
6°C, respectively. The distribution of the groundwater temperature was numerically
simulated in a computer system by the use of the explicit finite difference method in
a three dimensional model. The warm water distribution such simulated was
compared to the observed data, and the result of this simulation showed good
agreement with the obhserved data.

Another heat collecting experiment with a vertical double tube was carried out
during Feb. 25 to Mar. 6, 1990 and the total volume of the collected heat was 2568.
18MJ(619.23 Mcal). The distance between the double tube, D-2, and the well, W-1, was
1.78 meters, and the groundwater temperature of well W-1 changed 24 to 36 hours after
the measurements. The thermal conductivity of the soil was evaluated as 11.6 W/(m-
K) through the simulation model.

Key words : field experiment, recharge, measurement of groundwater temperature, aquifer
thermal energy storage, numerical analysis.
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Fig.l Schematic plan of the experimental equipment for heat diffusion of groundwater.
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Photol A complete view of the
experimental facilities for
heat diffusion of ground-
water.
W-1~W 7: Observation
wells, (D: Roof for snow
melting system, @ : Vertical
double tube to collect heat
from shallow groundwater
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Photo2 The observetion well,
W-1, with sensors.
@ : Observation well,
W-1, 150mm ¢ %30 m
@: VP, 25mm ¢ x 30 m,
@: VP, 20mm ¢ %30 m,
@ : c-c thermo-couple,
@ : water level gauge
measured by water
pressure
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Fig.5 Schematic diagram of the precise measurement of temperature by a c-c thermo
-couple.
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Photo 3 External standard junctions

in a thermobath.
@: Waterbath of control-
led temperature, @: Ex-
ternal standard junctions of
c-c thermo-couple and a
platinum resistance thermo-
meter, @ : Scanner, @:
Power source for power
failure
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Temperature of a platinum resistance thermometer in the 0°C standard temperature
regulator (A) and air temperature (B).
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Fig.T  Schematic diagram of the experimental setup.
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Photo4 A complete view of ex-

perimental recharge
equipment,
(D: Recharge well (W-1),
@ : Heat pump, @ :
Water tank, @ :
Flowmeter, & : Pump,
® : Water source
(groundwater), @ :
Discharge, ® : Power
source
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Fig.8 Time variation of groundwater temperature at the ohservation well W-1 (recharge
well).
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Fig.9 Horizontal distribution of groundwater
temperature under 5m from the ground
surface after 500 n#* recharge of 40°C water
0 Bl at a rate of 2 n/hour.
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Fig.13 Experimental results of heat collection from the underground. [Period of heat

collection of the vertical double tube D-2 is from Feb. 25, to Mar. 5, in 1990 and
collected heat is 2568.18MJ(619.23Macl).]
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Fig.14 Simulated groundwater temperature with an estimated heat conductivity, A =11.
6W/(m+ K). A: temperature under 5m from the ground surface, B: temperature
under 10m from the ground surface
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