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Time series analysis was applied to groundwater level, water temperature, and electrical conductivity data
obtained from monitoring wells around ground-source heat pumps at Sangji University of Wonju (standing column
well type) and at Jungwon University of Goesan (closed loop type), from 21 May to 12 October 2010. We found
large temporal variations in the characteristics of groundwater at Wonju, but only minor variations at Goesan.
These results may improve our understanding of the effects of ground-source heat pumps on the characteristics of
surrounding groundwater, according to the installation method for the pumps.
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Fig. 1. (a) Location map of the two study areas and (b) the specifications of monitoring wells.
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Fig. 2. Time series of water level, water temperature, EC,
precipitation, and air temperature from 21 May to 12
October 2010,
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Table 1. Comparison of data on water level, water
temperature, EC, site precipitation, and fluctuations in air
temperature between SJ-1 and JW-1 wells.

Well Interval  Time series data  Mean Median
water level 16227 161.84
Hours  water temperature  22.17  22.28
§J-1 EC 243.88 240.00
Precipitation 8.86 0.50
Daily
Air temperature 2447 2490
water level 155.57 155.60
Hours  water temperature 1390 13.75
JW-1 EC 278.56 280.00
. Precipitation 652 020
Daily

Air temperature 2416  24.60
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Fig. 3. Functions of (a) auto-correlation and (b) the spectral
density of daily water level, water temperature, EC, site
precipitation, and site air temperature at SJ-1.

Table 2. Time lags and regulation times for water level, water
temperature, EC, site precipitation, and air temperature.

Well Time series data Time lag Regulataion time

(days) (days)

Water level 7 0.0067

Water temperature 19 0.0127

Si-1 EC 11 0.0011
Precipitation 1 0

Air temperature 23 0.0117
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Fig. 4. Cross-correlation of daily water level, water
temperature, and EC with (a) site precipitation and (b) site
air temperature in SJ-1.
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Table 3. Time delays and maximum cross-correlations of
water level, water temperature, EC with precipitation, and
air temperature.

Well Input data Output dataTlme delay Maximum cross-

(days) correlation

Water level 5 0.12

Precipitation Water temp. 21 0.14

EC 10 0.07

Si-1

Water level 42 045

Air temp. Water temp. 1 085

EC 1 0.36
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Fig. 5. Functions of (a) auto-correlation and (b) spectral
density of daily water level, water temperature, EC, site
precipitation, and site air temperature in JW-1.

Table 4. Time lags and regulation times for water level,
water temperature, EC, site precipitation, and air temperature.

Well Time series data Time lag Regulataion time

(days) (days)

Water level 25 0.0135

Water temperature 24 0.0124

JW-1 EC 12 0.0003
Precipitation 2 0.0003

Air temperature 23 0.0119
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Table 5. Time delays and maximum cross-correlations
between water level, water temperature, and EC versus
precipitation and air temperature.
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Fig. 6. Cross-correlation of daily water level, water
temperature, and EC with (a) site precipitation and (b) site
air temperature at JW-1.

Time delay ~ Maximum

Well Input data Output data (days)  cross-comrelation
Water level 18 0.15
Precipitation Water temp. 18 0.18
EC 19 0.07

JW-1

Water level 50 0.77
Air temp. Water temp. 38 0.79
EC 17 0.51
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