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ABSTRACT

Open-loop groundwater heat pump (GWHP) system generally has benefits such as a higher coefficient of performance
(COP), lower initial cost, and flexible system size. The hydrogeological conditions in Korea have the potential to facilitate
the use of the GWHP system because a large number of monitoring wells show stable groundwater temperatures, shallow
water levels, and high well yields. However, few studies have been performed in Korea regarding the GWHP system and
the most studies among them dealt with Standing Column Well (SCW). Because the properties of the aquifer have an
influence on designing open-loop systems, it is necessary to perform studies on various hydrogeological settings. In this
study, the hydrogeological and thermal properties were estimated through various tests in the riverside alluvial layer where
a GWHP system was installed. Under different groundwater flow velocities and pumping and injection rates, a sensitivity
analysis was performed to evaluate the effect of such properties on the design of open-loop systems. The results showed
that hydraulic conductivity and thermal dispersivity of the aquifer are the most sensitive parameters in terms of
performance and environmental aspects, and sensitivities of the properties depend on conditions.
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Fig. 1. Location of study area and array of wells.

J. Soil Groundw. Environ. Vol. 20(4), p. 41~50, 2015



WE AGA2E Y] B82 AAIE A% G ik A 43

Table 1. Model input parameters

Parameter Unit Value
Om -13m —16m —50m
Layer 1 Layer 2 Layer 3
(Silty sand) (Gravel) (Gneiss)
Ky 104 m/s 0.3926 4434 107
K, 1074 m/s 0.03926 4434 107
S, - 0.2 0.2 0.02
Ss /m 107 107 107
- 0.35 0.25 0.025
AS W/mK 1.844 29 2.9
Af W/mK 0.65 0.65 0.65
p°’C’ 10° J/m’K 1.031 2.1 2.1
plct 10 J/m’K 42 42 42
o m 0.4 04 04
o m 0.04 0.04 0.04
Temperature [Deg. C 150m =
11.70
12.01 Plan view
32; ;0 - Groundwater flow 221::::';;::![
12.92 ) 9 Observation well
13.23
13.53
1384
W 1415 R 5 . s . 100m
25m 25m 25m 25m 25m 25m
Head [m]
-2.750
-2.563
-2.375
-2.188
-2.000
-1.813
- S = Analysis Area : 150m x 100m X 50m
[. ::gg . Boun)dnry (‘ondilions)< *
— Temperature : 11.700°C (Top)
14.145°C (Bottom)
Head : -1.250m (Left)
-2.750m (Right)

Fig. 2. Model domain and boundary conditions.
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Fig. 3. Direction and velocity of groundwater measured at Well YSO-1 (15 m bls).
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Fig. 4. Monthly mean air temperature measured at the study area
and weather station of Yangpyeong-gun.
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Fig. 5. Subsurface temperature logs with depth measured at Well
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Table 2. Cases of the sensitivity analysis
Parameter
Cases AT i Q K o°C » n S S

s Y
A-1 10 0.01 25 +20% - - - - -
A-2 10 0.01 25 - +20% - - - - -
A-3 10 0.01 25 - +20% - - - -
A-4 10 0.01 25 - - +20% - - -
A-5 10 0.01 25 - - - +20% - -
A-6 10 0.01 25 - - - - +20% -
A-7 10 0.01 25 - - - - - +20%
B-1 10 0.005 25 +20% - - - - -
B-2 10 0.005 25 - +20% - - - - -
B-3 10 0.005 25 - +20% - - - -
B-4 10 0.005 25 - - +20% - - -
B-5 10 0.005 25 - - - +20% - -
B-6 10 0.005 25 - - - - +20% -
B-7 10 0.005 25 - - - - - +20%
C-1 10 0.01 50 +20% - - - - -
C-2 10 0.01 50 - +20% - - - - -
C-3 10 0.01 50 - +20% - - - -
C-4 10 0.01 50 - - +20% - - -
D-1 10 0.005 50 +20% - - - - -
D-2 10 0.005 50 - +20% - - - - -
D-3 10 0.005 50 - +20% - - - -
D-4 10 0.005 50 - - +20% - - -
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Fig. 6. Groundwater temperature at pumping well according to
Case A (i=0.01, Q=25 m*/d).
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Fig. 7. Groundwater temperature at pumping well according to
Case B (i=10.005, Q = 25 m’/d).
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Fig. 8. Groundwater temperature at pumping well according to
Case C (i=0.01, Q=50 m%/d).
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Fig. 9. Groundwater temperature at pumping well according to
Case D (i =0.005, Q = 50 m%/d).
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Fig. 10. Observed arrival time of thermal plume at pumping well
according to pre-set cases (Case A: square, Case B: circle, Case
C: triangle, Case D: diamond).
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Table 3. Final temperature change at pumping well according to pre-set cases

Case A-1 A2 A-4 A-5 A-6 A-7
-20% 14.880 14.654 14.598 14.625 14.589 14.595 14.595
T - 14.595 14.595 14.595 14.595 14.595 14.595 14.595
[°C] +20% 14.400 14.546 14.567 14.601 14.595 14.595
(default) (14.197)
AT 0.108
rC] 0.479 (0.436) 0.058 0.013 0.000 0.000
Case B-1 B-2 B-4 B-5 B-6 B-7
-20% 16.832 16.413 16215 16.323 16.181 16.206 16.206
T - 16.206 16.206 16.206 16.206 16.206 16.206 16.206
[°C] +20% 15.666 16.042 16.197 15.529 16.232 16.206 16.206
(default) 14.741
AT 0.371
rC] 1.167 (1L672) 0.794 0.051 0.000 0.000
Case C-1 C-2 C-4
-20% 17.923 17.273 16.937 17.016
T - 16.929 16.929 16.929 16.929
[°C] +20% 16.148 16.672 16.848
(default) 14.888
AT 0.600
eC] 1.776 (2.385) 0.168
Case D-1 D-2 D-4
—20% 19.183 19.322 19.074 19.176
T - 19.059 19.059 19.059 19.059
[°C] +20% 18.743 18.825 19.044 18.949
(default) 16.147
AT 0.497
eC] 0.439 (3.175) 0.226
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Table 4. Arrival time change at pumping well according to pre-set cases
Case A-1 A-2 A-3 A-4 A-5 A-6 A-7
-20% 8.16 6.76 5.93 6.67 6.45 6.70 6.70
. - 6.70 6.70 6.70 6.70 6.70 6.70 6.70
+20% 5.69 6.64 7.46 6.72 6.95 6.70 6.70
(default) (4.40)
0.12
At 247 (2.36) 1.53 0.05 0.50 0.00 0.00
Case B-1 B-2 B-3 B-4 B-5 B-6 B-7
-20% 14.68 12.28 10.70 12.02 11.65 12.10 12.10
. - 12.10 12.10 12.10 12.10 12.10 12.10 12.10
+20% 10.34 11.94 13.50 12.14 12.55 12.10 12.10
(default) (7.42)
At 4.34 0.34 2.80 0.12 0.90 0.00 0.00
(4.86)
Case C-1 C-2 C-3 C-4
-20% 7.40 6.20 5.40 6.10
; - 6.12 6.12 6.12 6.12
+20% 5.23 6.05 6.83 6.14
(default) (3.81)
At 2.17 ((2);3) 1.43 0.04
Case D-1 D-2 D-3 D-4
-20% 13.12 11.08 9.62 10.83
¢ - 10.89 10.89 10.89 10.89
+20% 9.34 10.71 12.15 10.94
(default) 6.29
At 3.78 (g;g) 2.53 0.11
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i : hydraulic gradient [—]
Ky : horizontal hydraulic conductivity [m/s]
K, : vertical hydraulic conductivity [m/s]
Sy specific yield [-]
S;  : specific storage [1/m]
n : porosity [—]
A° : thermal conductivity of the solid [W/m-K]
A" : thermal conductivity of the fluid [W/m-K]
p’C® : volumetric heat capacity of the solid
[10° J/m*-K]
p!'C! : volumetric heat capacity of the fluid
[10° J/m*-K]
oy, : longitudinal thermal dispersivity [m]
or : transverse thermal dispersivity [m]

Q : pumping/injection rate [m*/d]
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