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1. Introduction
		  Using natural sources of energy (solar, wind, bio-
mass etc.) may potentially help to mitigate global warm-
ing. Low-temperature geothermal resources are among 
the more abundant natural energy sources. Methods of 
utilizing low-temperature geothermal resources include 
both direct use of warm groundwater and geothermal 
heat pump (GHP) systems.
		  GHP systems may be subdivided into two basic 
types. One uses water circulated through a subsurface 
pipe without direct mass exchange between the pipe 
and the local groundwater aquifer (“closed system”). 
The other involves direct withdrawal of heated ground-
water (“open system”). GHP systems are popularly used 
worldwide (Rybach et al., 2000; Fridleifson, 2001; 
Lund，2005). In Sweden, the number of GHP system 
installation per 100 people in 2005 is about two (Curtis 
et al., 2005).
		  It is generally considered that GHP systems may 
be utilized everywhere because of stable temperature of 
the underground. However, the applicability of the GHP 
system is not clear for space cooling in tropical region 
where sufficient temperature difference between under-
ground and atmosphere may not be expected.
		  Aiming at grasping the applicability of GHP 
systems for space cooling in tropical region, an ex-

perimental operation of a GHP system was conducted 
at Kamphaengphet, Thailand from October, 2006 to 
March, 2008 (Yasukawa et al., 2009). The depth of the 
heat exchange borehole, in which U-tube was installed, 
was 56m. The authors set temperature sensors every 
ten meters inside the U-tube (at depths of 0, 6, 16, 26, 
36, 46 and 56 meters, respectively). As the detail of the 
GHP system, the results of temperature measurements 
and calculation of system performances are presented in 
Yasukawa et al. (2009) in this issue, we attempted to es-
timate subsurface thermal influence of the GHP system 
for space cooling by acquiring temperature data of the 
underground from this test.

2. Analysis
2.1	 The heat energy storage in the underground
		  In the case of the GHP system for space cooling, 
heat energy is stored in the underground. The purpose 
of this study is the estimation of subsurface thermal 
influence of the GHP system for space cooling in Kam-
phaengphet. At first, we calculate the heat energy stor-
age at each depth, using temperature monitoring data 
from temperature sensors installed in the heat exchange 
tube.
		  Temperature sensors were set every ten meters in-
side the U-tube. Inlet/outlet temperatures were measured 
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at the surface and at depths of 6, 16, 26, 36, 46, and 56 
meters, respectively. The differences between inlet and 
outlet temperatures at the surface and at a depth of 16 
m are shown in Figure 1(a) – (b), respectively. As inlet 
temperature at the ground surface was sometimes lower 
than the outlet temperature because of mutual effects 
of daily change of atmospheric temperature and raised 
subsurface temperature by the GHP system operation, 
it is difficult to estimate the heat energy storage in the 
underground from the inlet/outlet temperatures at the 
surface. Therefore inlet/outlet temperatures at the water 
saturation zone in the U-tube were used for the calcula-
tion. The saturation depth at this test site is around 16 
m. Thus the value of heat energy storage is calculated 
by using the water circulation rate of the primary fluid 
of the GHP system (circulating between the heat pump 
and the U-tube) and measured inlet/outlet temperatures 
at saturation zone. The heat energy E is given by the en-
thalpy of the water Ew(tinlet) and Ew(toutlet).

　E={Ew(tinlet)-Ew(toutlet)}･q	 	 　　　(1)

		  In this equation, the circulation rate of the primary 
fluid is qkg/s, temperature at the inlet of U-tube is tinlet 
oC, and that at the outlet is toutlet 

oC. The result of the 
calculation for 16m deep is shown in Figure 2. The heat 
energy storage in the underground was about 40 W/m dur-
ing the term of the GHP system operation. The ratio of 
heat energy storage between 26m deep and 16m deep, 
36m deep and 16m deep, and 46m deep and 16m deep 
during the term of the GHP system operation are shown 
in Figure 3. The ratio of heat energy storage between 
26m deep and 16m deep are about 70 % in the first 
half period. But the ratio changes to about 40 % at the 
second half period. We change the operation condition 
of the GHP system, such as the temperature range and 
mode of fluid circulation (continuous or intermittent), in 
order to estimate the performance of GHP system dur-
ing the experiment (Yasukawa et al.,2009). Thus, it may 
be because of influences of a long term operation and 
heat energy storage by different temperature settings of 
heat pump operations.

2.2	 The step from the modeling to the estimation of 
environmental impact 

		  The heat energy storage calculated from the mea-
sured data was about 40 W/m. Aiming at estimation of 
the thermal influence by such a GHP system operation 
for space cooling, a numerical simulation of heat stor-
age was performed. During temperature measurements 
of the underground since October 2006 to March 2008, 
the GHP system operation was temporally stopped 
several times. Therefore, we consider these breaks as 
temperature recovery periods. Thus, we optimize the 
physical properties of the simulation model by using the 
measured data during the stopping period of the system. 

Steps for the environmental impact evaluation are as 
follows.

1)	Assume that the break periods of the GHP operation 
are those of thermal recovery tests

2)	Construct a 3D numerical model including the U-tube 
as shown in Figure 4

3)	Compare calculated temperatures with measured 
temperatures during the test

4)	Investigate model properties (groundwater flow rate, 
thermal conductivity, etc) to obtain a reasonable 
match of measured and calculated temperatures

5)	Evaluate subsurface thermal influence of the GHP 
system for space cooling from October 2006 to 
March 2008, using the optimum properties for mod-
eling

		  Subsurface layers of this place are clayey and 
sandy. Thus, some property values are referred from 
previous model studies (Tenma et. al., 2003, Tago et. 
al., 2004). For the simulation, a numerical code FEHM 
(Finite Element Heat and Mass transfer) was used 
(Zyvoloski et al., 1997). In FEHM code, the conserva-
tion equations of heat and mass in a porous media are 
solved by the control volume finite element method.

2.3	 The results of temperature recovery
		  Examples of the temperature recovery at sensors 
inside the U-tube are shown in Figure 5. The upper fig-
ure shows the temperature at a depth of 46m, and the 
lower does of 36m. The period of this thermal recovery 
test was from February 9, 2007. Also, we assume the 
fluid flow at this site is steady flow. To investigate the 
effect of groundwater flow, three different conditions 
for groundwater flow rate (high, low and zero) were 
introduced in the simulation as shown in Table 1. For 
both cases at a depth of 36m and 46m, calculated tem-
peratures for all conditions get good matches with the 
observed data. Condition 3 (no flow model) particularly 
is a best match of measured and calculated temperature 
in earlier period of the thermal recovery test. Because 
the effect of groundwater flow is small as shown in the 
result of this calculation, the authors assume that the 
thermal advection effect of the groundwater flow is 
small at this site.

3. Estimation of the thermal influence
		  As Condition 3 is no thermal advection effect of 
the groundwater flow at this test site, the thermal influ-
ence by the heat energy storage in the underground is 
larger than other conditions. Using the model and simu-
lation condition 3 (Table 1) in order to estimate the ther-
mal influence, which was developed on the basis of the 
results of thermal recovery test, the temperature of un-
derground at this test site was calculated for 1.5 years. 
The temperature changes at depth of 36m measured 
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Fig. 1(a)  Difference between inlet and outlet temperature at the ground surface

Fig. 1(b)  Difference between inlet and outlet temperature at depth 16m
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inside the U-tube and calculated for its surroundings at 
0.5m and 2.0m apart, respectively, are shown in Figure 
6. Since no remarkable temperature variation in the U-
tube was observed for 1.5 years, it was assumed that the 
increase of calculated temperature at 0.5 m apart from 
the U-tube might be small. Variation of the temperature 
at a point 0.5 m apart from the U-tube is approximately 
1 K for 1.5 years. Similarly, temperature at a point 2.0 
m is almost constant. As the results of this calculation, 
the authors consider that the thermal influence of the 
GHP system operation at this test site is quite small.

4. Future task
		  A 3D numerical model including the U-tube was 
constructed in this study. The calculation results show 
that the subsurface thermal influence of the GHP system 
operation at the test site is quite limited. In the future, 
we plan to study the sensitivity analysis for different 
operation conditions of the GHP system for space cool-

Fig. 3  Ratios of heat energy storage

Fig. 4	 Simulation model of the GHP system for space cooling
	 Temperature sensors were set every ten meters inside 

the U-tube

Fig. 2  Heat energy storage from heat exchange tube at a depth of 16m
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Fig. 5	 Comparison between calculated and measured temperatures inside the U-tube. The upper is of 46m deep and the lower is of 
36m

Fig. 6  Temperature histories at a depth of 36m: measured inside the U-tube and calculated by FEHM for surrounding points
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ing, and evaluate the subsurface thermal influence at the 
test site for each condition.
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Table 1  Simulation conditions for thermal recovery test



─ 508 ─

Subsurface thermal influence of GHP operation in Kamphaengphet (Tenma et al.)

─ 509 ─

カンペンペット（タイ）における地中熱ヒートポンプ冷房利用の 
実証試験における地下環境評価について

天満則夫・安川香澄・高島　勲・内田洋平・オラニュー ロルペンスリ・ジョージ ジボロスキー

要　旨

　地中熱利用ヒートポンプシステムの冷房利用の実証試験がカンペンペット（タイ）にて2006年10月から2008年3月
まで実施された．熱交換井に13の温度センサーを設置して地下温度の温度計測が行われた．そこで，この実験データ
を用いて，周辺の温度影響に関する数値計算を行った．その結果，運転実績に伴う地下温度場への影響はほとんどない
ことがわかった．


