G

H23E E3E 1990F 124 5%

30

fgjl—

o
\,

o] © 30 Sl Ao
3-89 doll =gt

shAl A 4 ol

Hydrological Study of the Freezing in Summer Season at the Ice Valley. Korea
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Abstract

In the Ice Valley. it freezes in summer season. However, there is no ice during winter. In

order to clarify the phenomenon of unusual temperature. numerical experiments were con-

ducted using the coupled equations of fluid flow and heat transfer. The results demons-

trated that temperature inversion in the Ice Valley is primarily due to delay of the ground-

water temperature. Also. the results of the simulation suggest that major factors affecting

the delay are the topographical configuration. 'geological factors and groundwater flow sys-

tem. combined with groundwater recharge and discharge systems.
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Fig.1 Location of the study area
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Fig.2 Variations ol water temperature
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Fig.3 Grid spaing used in subsequent simulations.
Broken line shows simplified simulation

boundary of the east and west.
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209.00 211.00 213.14
200.00 193.00 191.00 185.00 185.00 200.00 199.90 200.79 201.85
185.18 184.27 183.11 181.77 182.63 185.71 187.91 190.28 191.46
176.68 176.46 176.20 176.25 177.07 178.12 179.79 181.95 183.03
k 171.26 171.33 171.34 171.75 172.59 173.30 174.35 175.82 176.61%
167.87 168.54 168.26 168.72 170.02 170.79 170.82 171.37 171.80
164,54 165.67 166.25 166.38 166.98 167.64 167.48 167.78 168.0%
161.45 162.07 163.18 163.61 163.61 164.03 164.43 164.88 145.18
159.18 159.53 160.10 160.63 161.12 161.71 162.32 162.87 163.22

158.02 158.28 158.73 159.28 159.89 160.57 161.26 161.86 162.23
—_—_——

203.00 214.00

185.00 189.00 198.00 197.70 199.50

178.47 180.00 177.00 174.00 176.00 180.19 183.67 186.82 188.42

169.88 169.59 168.96 169.14 170.85 172.66 175.08 178.11 179.66

Kk 164.39 164.35 164.36 165.05 166.52 167.81 169.51 171.82 173.08

161.07 161.67 161.51 162.23 164.06 165.34 166.00 167.35 168.23

158.00 159.05 159.61 159.80 160.98 162.40 162.93 163.86 164.53

155.23 155.84 156.95 157.56 158.07 159.07 160.06 161.05 161.73

153.25 153.64 154.32 155.07 155.93 156.98 158.09 159.14 159.83

152.25 152.57 153.15 153.92 154.86 135.95 157.11 158.18 158.88
———

210.00

187.00 196.00 196.80

170.00 166.00 162.00 170.00 178.00 179.60 183.53 185.53
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K 156.23 155.75 155.59 156.76 159.48 162,10 164.44 167.71 169.74

152.94 193.35 153.30 154.39 157.14 159.84 160.90 163.18 164.82

150.23 151.12 151.63 151.91 153,91 156.50 157.88 159.69 161.13

147.92 148.49 149.56 150.40 151.58 153.35 155.13 156.98 158.38

146.33 166.75 147.54 148.56 149.87 151.51 153,32 155.16 156.56

145,54 145.92 146.65 147.69 149.02 150,62 152.43 154.26 155.64
— ]

Fig.4 Crossssectional potential distributions in the

middle part of the Ice Valley.
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K 104.00 108.00 117.00 .00 .00 .00
99.00 95.00 99.00 101.84 106.87 112.73 .00 .00 .00
98.04 97.05 99.70 103.41 107.83 111.38 .00 .00 .00
r 99.95 100.01 101.88 104.97 108.42 111.13 .00 .00 .00
101.55 101.88 103.43 106.00 108.90 111.25 .00 .00 .00
i
i =15
102.00 115.00 .00 .00 .00
k 86.00 86.00 94.00 99.68 106.24 .00 .00 .00
85.40 80.00 86.68 93.43 99.21 103.52 .00 .00 .00
r 89.65 88.02 90.59 95.20 99.73 103.07 .00 .00 .00
92.63 92.05 93.73 97.02 100.57 103.32 .00 .00 .00
— H
i=16 !
111.00 .00 .00 .00
k 84.00 96.00 102.52 .00 .00 .00
76.00 66.00 72.00 82.61 91.46 98.53 .00 .00 .00
r 81.63 74.32 77.76 BS.49 92.05 97.89 .00 .00 .00

86:15 82.48 84.37 88.94 93.56 98.31 .00 .00 .00
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Fig.5 Cross-scctional potential distributions in the

freczing area.
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198,568 197.75 196.22 193.29 189.12 184.27 180.00
191,12 190.29 188.86 186.05 181.89 176.46 169.59
185,71 185.07 183.68 180.94 176.82 171.33 164.35
182.11 182.11 180.75 178.04 173.98 168.54 161.67
179.20 179.11 177.68 174.97 170.97 165.67 159.05
176,15 175.46 173.80 171.04 167.13 162.07 155.84
173.56 172.72 170.95 168.18 164.38 159.53 153.64
172.20 171.32 169.51 166.75 163.01 158.28 152.57
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166.
160.
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148.
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145.

00
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198.57 197.76 196.24 193.26 188.81 183.11 177.00 162.00
191.04 190.30 188.88 186.05 181.83 176.20 168.96 158.78
185.61 185.02 183.65 180.92 176.82 171.34 164.36 155.59
181.74 181.66 180.32 177.64 173.63 168.26 161.51 153.30
179.51 179.51 178.18 175.53 171.55 166.25 159.61 151.43
176.92 176.36 174.79 172.10 168.23 163.18 156.95 149.56
173.82 173.01 171.30 168.59 164.86 160.10 154.32 147.54
172.33 171.47 169.71 167.02 163.36 158.73 153.15 146.65

!

151.00

146.08 136.00 123.00

143.59 132.32 118.80 110.00

141.96 131.65 120.50 109.56 ' 95.00
140.09 130.76 120.65 109.78 97.03
138.94 130.29 120.92 110.87 100.01
138.40 130.10 121.15 111.68 101.88

146.00

144.96 132,00

143.57 132.27 120.00 110.00

142,36 132.03 121.18 110.60 99.00
161.08 131.68 121.65 111.19 99.70
139.84 131.33 122.12 112.34 101.38
139.29 131.16 122.37 113.07 103.43

Fig.6 Cross-sectional potential distributions to the valley direction.
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Table 1. Honthly variations of grounwater temperature from the three-dimensional
heat transfer model. The values appear 10000 times of the results. The up-
per part of the broken line shows freezing point in summer.
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1669 -7703
6221 3099
7029 6093
7185 6703
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8933 8715
14841 14804
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-65428
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-16912 -32017
886 -9426
5975 2517
6869 5885
7054 6555
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