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Characterization of Groundwater Quality and Recharge using Periodic
Measurements of Hydrogeochemical Parameters and Environmental
Tracers in Basaltic Aquifers of Jeju Island
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ABSTRACT

Groundwater from public wells was monitored during one year with two month interval for hydrogeochemical parameters
and chlorofluorocarbons (CFCs) as environmental tracers in Jeju Island. Concentrations of major cations and SiO, show
variation less than 10% whereas NOs and dissolved oxygen (DO) showed larger variation though DO variation did not
change oxic or suboxic condition. NO; concentration has no consistent seasonal pattern with the largest variation of 35%.
Groundwater ages determined by CFCs became temporarily younger by 5 years in October for groundwater with ages of
15 to 25 years, which can be attributed to infiltrating water in rainy season. Compared to air temperature, groundwater
temperature has much smaller variation with no phase difference, which can be accounted for by a two-component model
consisting of infiltrating water from surface and deeper groundwater with negligible temperature variation. The relatively
small variation in groundwater age and temperature indicates that groundwater recharge through fast flow-paths is much
smaller compared with basal groundwater in terms of aquifer storage.
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Fig. 1. Location of groundwater wells and meteorological stations
used for comparison. M1 = Gosan station, M2 = Seogwipo station,
and M3 = Seongsanpo station.
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Table 1. Specification of wells investigated in this study

W53 - up)eh

Well Local Elv. Total Monitoring Number of Landuse? Meteorological

ID No. m depth (m) period' measurements station’

1 D179 20 130 Jan-Dec 6 A Gosan

2 S002 88 160 Jan-Dec 6 M Gosan

3 D305 145 220 Jan-Dec 6 M Gosan

4 F297 186 214 Jan-Dec 6 A Gosan

5 F221 58 72 Jan-Oct 5 A Seogwipo

6 F227 179 188 Jan-Dec 6 A Seogwipo

7 F335 82 95 Jan-Dec 6 A Seongsanpo
8 SDS3 430 420 Jan-Oct 5 F Seongsanpo
9 F339 144 170 Jan-Dec 6 A Seongsanpo

1. In the year of 2005.

2. A =agricultural, F = forest/grassland, and M =mixed landuse from Koh et al.(2005).
3. Where monthly precipitation data were obtained for comparison with periodic measurements of groundwater.
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Table 2. Hydrogeochemical parameters of the periodic investigation of groundwater

Well
D

T
(0

EC
(uS/em)

DO
(mg/L)

Ca
(mg/L)

Mg

pH (mgL)

Na
(mg/L)

cl
(mg/L)

K
(mg/L)

HCO;
(mg/L)

SO,
(mg/L)

NOs
(mg/L)

Sio,
(mg/L)

Mean CV! Mean CV Mean CV Mean CV Mean CV Mean CV Mean CV Mean CV Mean CV Mean CV Mean CV Mean CV Mean CV

20 137 119
33 66 78
108 62 52 39
102 28 41 22
120 321 49 163
1.6 86 39 90
99 43 61 47
140 57 77 27 67 11 111 170 29 39
154 87 75 36 94 07 104 68 48 3.0

54
2.8

33 121
40 43
52 64
33 41
32 144
27 93
62 47
24 08
39 11

18.1
173
13.8
14.7
15.7
153
15.8

4.7
4.8
53
6.5
45
34
49

84
8.6
73
7.1
6.5
6.6
75

26
33
4.1
24
5.7
7.0
33

194
172
146
94
91
80
171

1.8
0.9
6.1
38
12.1
72
29

© 0 9 N L AW N —

20.8
19.5
133
74
6.1
59
16.1
5.6
7.0

6.4
6.4
5.5
4.7
6.5
6.7
5.7
5.8
4.0

32
4.7
64

49 63 42 51
46 13.0 70 357
58 105 199 19.8
25 151 89 133
21 32 151 239
21 84 79 231
38 107 65 55
16 92 10 58
18 69 17 176

252
282
309
338
264
255
330
285
320

5.1
42
7.6
71
6.6
53
42
5.1
53

4.0
35
3.0
29

2.1
3.1
5.0
23
18 92
17 6.1
29 103
22 25
24 19

72.6
64.7
35.1
286
232
20.6
44.9
29.5
424

52 188
45 159
130 134
18 80 46
141 68 126
99 84 140
1.7 236 7.7
132 57 52
20 68 55

1. Coefficient of variation (standard dev./mean) in %
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Fig. 2. Comparison of coefficient of variation for measured
hydrogeochemical parameters.
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Table 3. CFC concentrations and apparent ages of groundwater

Well Sampling Concentration (pg/kg) Groundwater age (year)'
1D date CFC-12 CFC-11 CFC-113 CFC-12 CFC-11 CFC-113
20-Jan-05 10.4 36.1 6.5 48 42 33
19-Apr-05 13.0 28.6 1.7 47 43 42
i 20-Jun-05 10.3 41.8 2.3 48 41 40
29-Aug-05 7.0 19.4 2.1 52 46 41
11-Oct-05 10.6 - 3.1 49 - 39
12-Dec-05 7.5 15.1 1.5 51 48 44
20-Jan-05 14.2 62.7 12.0 46 39 29
19-Apr-05 82 39.9 1.7 50 42 43
) 20-Jun-05 6.7 339 1.9 52 43 42
29-Aug-05 70.7 20.3 3.1 54 46 39
11-Oct-05 7.1 65.3 35 52 40 38
12-Dec-05 7.4 15.7 23 51 48 41
20-Jan-05 281.3 603.8 78.7 contam. 16 14
19-Apr-05 266.5 566.9 712 14 18 16
3 20-Jun-05 257.6 561.7 71.7 16 18 16
29-Aug-05 273.5 555.0 67.9 contam. 19 17
11-Oct-05 243.7 662.2 67.7 18 16 17
12-Dec-05 246.8 497.8 70.3 18 21 16
20-Jan-05 216.6 443.6 66.1 19 21 17
19-Apr-05 228.3 470.6 56.3 18 20 17
4 20-Jun-05 232.1 475.6 59.9 17 20 17
29-Aug-05 195.9 3974 47.7 21 24 19
11-Oct-05 218.7 473.7 58.9 19 22 18
12-Dec-05 222.0 430.1 59.6 19 23 17
20-Jan-05 not sampled
19-Apr-05 288.6 814.8 72.0 contam. contam. 13
5 20-Jun-05 280.3 846.8 712 contam. contam. 14
29-Aug-05 245.1 831.2 49.1 15 contam. 19
11-Oct-05 262.2 957.5 66.7 contam. contam. 16
12-Dec-05 not sampled
20-Jan-05 287.0 718.8 774 contam. contam. contam.
19-Apr-05 282.1 819.7 69.1 contam. contam. 15
6 20-Jun-05 297.7 747.9 713 contam. contam. contam.
29-Aug-05 317.2 655.7 78.0 contam. contam. 17
11-Oct-05 286.8 762.6 73.6 contam. contam. 13
12-Dec-05 281.6 665.9 76.7 contam. contam. contam.
20-Jan-05 not sampled
19-Apr-05 226.4 603.5 57.7 17 contam. 17
7 20-Jun-05 2214 602.0 57.8 18 contam. 17
29-Aug-05 201.6 519.7 48.7 20 18 19
11-Oct-05 2282 645.6 60.7 17 contam. 17
12-Dec-05 239.3 620.4 68.0 18 contam. 17

Journal of KoSSGE Vol. 12, No. 4, pp. 60~71, 2007



ST QlAe} 87 SRR 5714 Do) o8 AFE Aol 547 Fe 54 B4 63

Table 3. Continued

Well Sampling Concentration (pg/kg) Groundwater age (year)'
D date CFC-12 CFC-11 CFC-113 CFC-12 CFC-11 CFC-113
20-Jan-05 not sampled
19-Apr-05 168.6 436.6 41.4 24 22 20
g 20-Jun-05 176.7 461.6 44.6 23 21 19
29-Aug-05 151.0 3458 35.2 27 28 22
11-Oct-05 178.7 542.8 475 23 20 19
12-Dec-05 not sampled
20-Jan-05 177.7 478.8 439 22 19 19
19-Apr-05 172.5 470.3 43.4 23 20 19
9 20-Jun-05 168.9 471.8 429 23 20 19
29-Aug-05 155.9 389.1 359 25 24 21
11-Oct-05 165.8 535.5 44.0 24 18 20
12-Dec-05 161.8 4345 46.1 25 22 19

1. Determined from North American air curve. contam. = above the NA air curve due to contamination from near-surface unsaturated air or

atmosphere whose CFCs levels are elevated by local sources.
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Fig. 3. Variation of nitrate concentration in groundwater. Monthly
precipitation in 2005 were shown at Gosan station for 1, 2, 3, 4
wells, at Seogwipo station for 5 and 6 wells, and at Seongsan
station for 7, 8, and 9 wells.
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Fig. 4. Groundwater CFC age variation. Wells were classified
as O group (old groundwater), I group (intermediate age
groundwater) and Y group (young groundwater) according to
the range of groundwater ages. Monthly precipitation in 2005
were shown at Gosan station for 1, 2, 3, 4 wells, at Seogwipo
station for 5 and 6 wells, and at Seongsan station for 7, 8, and 9
wells.
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