Journal of the Korean Society of Rural Planning
vol. 22, no. 1, 2016 (13-23)

sS4+ HEE AT

4k 7] -
Fehsta A

o

HIT 2t X| Ot

ISSN 1225-8857(PRINT) / ISSN 2288-9493(ONLINE)
http://dx.doi.org/10.7851/ksrp.2016.22.1.013

48 #29 AHE HE8Y

Time Series Change Characteristics of Unconfined Groundwater
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ABSTRACT : There is a need to analyze unconfined groundwater behavior since the demand of groundwater use has been

increasing. While unconfined groundwater temperature is tend to be affected by air temperature, it is hard to find an empirical study

in South Korea. In this research, we try to determine the relationship between daily average air temperature and daily average

groundwater temperature by time-sequential analysis of groundwater monitoring wells in Galshin basin in Yesan-Gun,

Chungcheongnam-Do. In addition, models to estimate groundwater temperature from air temperature were developed. In this research

101-day moving average method with measured air temperature is used to estimate groundwater temperature. To verify the developed

model, estimated values of average groundwater temperature with 101 moving average are compared to the measured data from
September 10 2007 to September 9 2008. And, Nash-Stucliff Efficiency and Coefficient of Determination were 0.970 and 0.976,
therefore it was concluded that the model allowing groundwater temperature estimation from air temperature is with reasonable

applicability.

Key words : Unconfined grondwater, Groundwater wells temperatures, Time series analysis, Moving average.
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Figure 3. Variation of groundwater temperature(GW-5 GWT) and air temperature(YS AT)
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Table 1. Statistics of the groundwater and air temperature data
Groundwater Temperature(GWT)(C) Air Temperature in Yesan (YAT)(C)
Year
Average Sg?ggg% Max Min Average gg?gggi Max Min
2005 13.0 34 17.8 7.8 11.6 10.7 29.1 -8.4
2006 13.1 3.2 17.6 8.6 12.2 9.5 27.4 9.9
2007 13.7 3.0 18.0 9.2 12.5 9.0 27.9 -4.8
2008 13.5 33 18.1 8.6 12.0 9.8 28.3 -7.6
Average 133 3.2 179 8.6 12.1 9.7 28.2 -7.7
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Table 2. Variation of the daily average groundwater temperature
Groundwater Temperature(GWT) Variation of GWT
Max Min Delay Diff. Rate of GWT
Day GWT Change
Date (C) Date (C) (day) (T) (C /day)
2004. 10. 02 17.38
2005. 03. 10 7.83 159 9.55 0.060
2005. 10. 02 17.77 206 9.94 0.048
2006. 02. 21 8.63 142 8.93 0.063
2006. 09. 19 17.56 210 8.93 0.043
2007. 03. 03 9.21 165 8.35 0.051
2007. 10. 01 18.01 212 8.80 0.042
2008. 03. 14 8.55 165 9.46 0.057
Average 17.68 8.56
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Table 3. Statistics of the daily average air temperature in Yesan (YAT)
Yesan Air Temperature(YAT) Variation of YAT
Max Min Delay Difference of YAT Rate (.)f .YAT
Day (T) Variation
Date () Date ) (day) (C /day)
2004. 08. 01 28.60
2005. 02. 01 -7.80 184 36.40 0.198
2005. 08. 05 29.05 185 36.85 0.199
2006. 02. 03 -9.88 182 38.93 0.214
2006. 08. 26 27.40 204 37.28 0.183
2007. 02. 02 -3.40 160 30.80 0.193
2007. 08. 11 27.90 190 31.30 0.165
2008. 02. 13 -7.20 186 35.10 0.189
Average 28.24 -7.07 184.4 35.24
Table 4 Determination of optimum days to minimize difference in use of moving average method
Groundwater Applied days for moving average period
Temperature('C) date 2 5 10 30 50 70 100 101 110
max 17.38 2004. 10. 02 51 55 50 47 31 26 15 14 13
min 7.83 2005. 03. 10 37 35 55 35 25 11 -10 -11 -14
max 17.77 2005. 10. 02 58 55 50 46 45 30 14 15 12
min 8.63 2006. 02. 21 17 62 61 43 27 11 -20 20 -27
max 17.56 2006. 09. 19 35 33 33 22 11 15 -4 -5 -10
min 9.21 2007. 03. 03 64 48 47 27 27 15 -8 -9 -15
max 18.01 2007. 10. 01 51 49 44 34 33 32 10 10 4
min 8.55 2008. 03. 14 56 56 29 30 26 6 5 7 7
Sum 369 393 369 284 225 146 2 1 -30
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Table 5. Coefficients of daily air temperature for moving average sine curve

Year Aut 134” q{ Dut
2004 12.01 6.47 -135 11.81
2005 12.09 6.30 -1.47 11.46
2006 10.50 6.48 -1.33 12.56
av. 11.53 6.42 -1.38 11.94
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Figure 4. Variation of groundwater temperature(GW-5 GWT), air temperature(YS AT) and 101
day-moving average(101 Moving Average)
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Table 6. Coefficients of sine curve of daily average groundwater temperature

Year Ag By Cet Dyt

2004 4.54 6.52 -1.29 12.78
2005 4.60 5.98 -1.54 13.25
2006 4.07 6.53 -1.23 13.51
Av. 4.40 6.34 -1.35 13.18
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