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Geochemistry of the Borehole Groundwater from Volcanic Rocks in the
Northeastern Part of Yeosu Area

Yong Kwon Koh*, Kyeong Su Kim, Dae Seok Bae, Chun Soo Kim and Kyeong Won Han
Korea Atomic Energy Research Institute, P.O. Box 105, Yusung, Taejon 305-600, Korea

The geochemical studies on groundwater in the borehole, which is straddled by multi-packer (MP) system, were
carried out from a volcanic terrain in the Yeosu area. The pH of groundwater collected from selected sections in
the MP-installed borehole is much higher (up to 9.6) than that of the borehole groundwater (7.0~7.9) collectedh-using
ventional pumping technique. Hydrochemistry shows that the groundwater has a typical chemical change with
increasing sampling depth, suggesting that the groundwater is evolved through water-rock interaction along the frac-
ture-controlled flow paths. The groundwater from the deeper part (138~175 m below the surface) in borehole K1 is
characterized by the Caj Qype with high Ca (up to 160 mg/L) and CI (up to 293 mg/L) contents, probably reflecting
seawater intrusion. The groundwater also has high sodium and sulfate contents compared to the waters from other
boreholes. These observed groundwater chemistry is explained by the cation exchange, sulfide oxidation, and mix-
ing process with seawater along the flow path.

Key words : borehole groundwater, multi-packer, geochemistry, seawater mixing, water-rock interaction
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Fig. 1. Geologic map of the study area. Location of boreholes and sampling points are also shown.
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Fig. 2. Schematic diagram of boreholes in the Yeosu area.

The depth of packers and fractures investgated @iad,
unpublished data) are also shown.

- reliable seal for a range of drillhole sizes

- for fluid sampling and in-situ measurement

- for hydraulic conductivity testing and purging

Pressure Probe
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Fig. 3. Multi-packer system (Westbay, Ltd., Canada) showing sampling procedure.
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Table 1 Geochemical data of borehole groundwater, surface water and sea water from the Yeosu area.

S;ren Water ~ Samplinc Depth Temp. pH (ﬁg/ TDS A”i‘sg” (mg/L) ;‘:fb
o, type date (m) (°C) cm) (mg/L) 1) Na K Mg Ca Sic, ¢l SC, HCCP CCP NO, Al (atr%)
K1-1 Groundwater 99.8.19 175 215 79 149 151 084 129 0.72 140 171 272 136 7.7 50.1 8.9 0.8 0.007 -3.20
K1-2 (Borehole K1) " fo.5 205 85 168 161 087 209 0.89 085 139 193 124 142 506 08 12 1.0 0.024 -3.81
K1-3 " 400 200 88 125 122 0.70 195 048 025 72 175 104 63 396 12 29 25 0062 -4.22
K1-4 " 740 187 82 150 138 1.05 183 091 0.75 127 200 11.7 84 513 <0.05 0.9 0.043 -3.51
K1-5 " 850 180 86 139 137 087 204 066 038 98 183 11.8 7.2 502 0.9 <0.05 19 0.044 -3.92
K1-6 " 1715 188 82 628 372 025 385 110 0.88 845 17.8 1750 54.1 143 05 1.6 0.029 -4.08
K1-7 " 180.0 188 75 168 115 056 94 113 215 137 13.2 10.0 18.0 337 118 0.2 0.015 -2.99
K1-1' Groundwater 00.3.9 175 129 81 159 145 110 158 053 099 161 255 74 7.0 656 42 0.7 0.014 -3.31
K1-2' (Borehole K1) " 305 144 93 129 110 084 198 033 016 78 173 61 65 418 32 19 22 0.039 -467
K1-3' " 400 149 93 125 107 080 196 022 003 75 179 61 59 394 35 16 20 0067 -4.75
K1-4' " 740 159 9.0 156 135 110 189 065 048 122 200 69 87 600 24 04 09 0.045 421
K1-5' " 850 162 96 129 110 0.83 197 044 011 70 185 94 52 332 6.7 <0.05 28 0.123 -5.16
K1-6' " 1715 182 89 1,143 613 066 57.7 0.88 061 151.0 17.5 255.0 92.0 303 11.9 0.1 24 0.025 -4.42
K1-7' " 180.0 188 7.8 207 136 082 16.7 061 0.75 153 17.6 117 13.6 49.0 94 0.5 0.063 -3.15
K1-1" Groundwater 00.5.22 175 165 79 141 135 095 125 037 126 161 268 63 65 57.1 6.3 0.5 0.009 -3.16
K1-2" (Borehole K1) " 305 155 9.1 128 110 0.86 209 027 021 83 171 56 6.1 459 24 12 22 0.034 -444
K1-3" " 400 153 90 124 107 083 207 018 010 76 179 58 54 452 21 14 20 0.042 -4.40
K1-4" " 740 160 86 162 143 120 204 057 056 129 204 67 86 696 12 <0.05 09 0.039 -3.76
K1-5" " 850 164 95 123 113 091 210 036 015 70 197 7.0 43 412 54 <0.05 24 0.114 -4.87
K1-6" " 1715 183 89 1226 676 055 67.1 056 044 160.0 16.0 293.0 1050 23.7 1.1 15 23 0.026 -4.61
K1-7" " 180.0 187 7.8 203 159 108 196 054 086 183 189 13.6 135 64.7 7.2 0.8 0.063 -3.04
K2-1 Groundwater 00.3.10 186 148 84 166 149 124 195 132 022 157 261 61 52 731 24 0.7 0.009 -3.56
K2-2 (Borehole K2) " 261 149 87 183 166 154 214 057 082 167 255 65 47 873 21 01 0.1 0.012 -3.84
K2-3 " 350 152 9.1 137 116 090 19.7 0.16 007 74 172 53 48 487 24 14 25 0.040 -440
K2-4 " 516 155 9.0 146 121 085 184 029 041 116 183 53 100 463 19 44 16 0.069 -4.33
K2-5 " 580 153 9.0 135 117 090 19.7 0.18 087 88 225 67 7.9 483 23 <0.05 14 0.070 -4.38
K2-1' Groundwater 00.5.23 186 218 85 151 145 126 192 0.15 041 163 257 64 58 733 11 35 0.8 0.011 -361
K2-2' (Borehole K2) " 261 169 85 172 163 145 220 055 083 176 263 68 58 845 12 20 0.7 0.008 -3.59
K2-3' " 350 160 90 121 104 082 201 013 013 79 165 55 51 446 19 20 25 0.038 -4.36
K2-4' " 516 158 87 135 122 093 190 025 038 113 172 55 85 533 11 38 14 0.051 -3.98
K2-5' " 580 159 92 179 109 080 193 0.17 013 86 210 6.7 7.6 405 3.0 <0.05 1.4 0.064 -4.65
K3-1 Groundwater 99-8-26 150 183 7.0 129 137 065 112 049 185 142 240 148 149 39.6 15 0.3 0.002 -2.42
K3-2 (Borehole K3) 00.3.21 30.0 135 75 163 151 119 16.0 035 136 158 268 6.7 57 720 05 0.9 0.011 -2.69
K3-3 99-8-27 450 279 72 197 120 055 139 060 136 109 183 13.1 13.0 333 54 0.8 0.011 -2.64
K4-1 Groundwater 99-8-28 80.0 242 7.6 164 158 0.89 143 058 168 16.8 250 140 135 535 46 0.8 0.013 -2.86
K4-1' (Borehole K3) 00.5.34 80.0 208 7.9 170 164 140 131 068 208 195 285 6.8 4.7 839 0.1 0.5 0.028 -2.94
K-S  Surface water99-8-19 - 226 6.0 80 76 017 75 101 194 44 152 88 148 57 15 0.1 0.020 -2.26
K-Sea Sea water 99-8-20 - 278 8.239,10028,038 1.918076.0309.0(1065.00 336.0 1.615588.02155.2 87.0 0.0 2.1 0.072 -3.40

“Alkalinity=molality of H™ equivalents calculated from in-situ measurement.
and pH data, using computer code SOLVEQ (Reed, 1982).

ECalculated from measured alkalinity
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Fig. 9. Piper's diagram showing chemical compositions of water samples from the Yeosu area. The groundwater from the
borehole K1-6 is chemically characterized by Catgje.
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Table 2. Saturation index with respect to representative minerals for borehole groundwater, surface water and sea water from
the Yeosu area.

Sample albite 210" beide- beide- CaICIteClchlo ilite kaolin- r:’?:r;- K-feld- Ca- Na- musco-Nont- Nont- uartz
no. thite Ca Na re ite tite  SP&r Mont Mont vite Ca Na 9

K1-1 41 47 110 105 -05 123 88 119 131 57 92 87 164 129 124 07
K1-2 43 54 102 97 -01 180 88 111 135 59 89 85 162 124 120 06
K1-3 46 59 108 104 -02 168 92 117 139 60 91 88 169 124 120 05
K1-4 18 01 52 48 -04 82 35 70 84 35 50 46 95 114 110 07

K1-5 47 59 113 109 -0a1 157 97 122 141 63 95 91 175 129 124 06
K1-6 48 63 117 112 -02 136 97 125 145 62 96 92 178 129 124 06
K1-7 35 47 118 113 -12 94 94 130 127 56 91 86 179 122 117 05
K1-1' 50 57 126 122 -04 125 106 132 147 6.7 105 101 184 142 137 09
K1-2' 46 56 100 96 03 181 88 110 139 59 88 84 161 127 123 06
K1-3' 48 60 103 99 03 154 88 113 143 59 88 85 164 127 123 05
K1-4' 49 61 110 106 03 187 97 118 145 65 96 92 172 131 127 0.7
K1-5' 45 61 96 92 05 210 88 107 140 59 85 82 162 118 115 04
K1-6' 47 63 101 97 09 174 86 110 144 59 88 84 161 126 122 05
K1-7' 48 63 132 127 -07 113 107 139 146 63 103 99 193 129 124 06
Ki-1"* 46 52 121 116 -06 117 97 128 140 6.1 100 95 175 137 131 038
Ki-2" 46 55 102 98 02 174 87 112 138 57 88 85 161 127 123 06
Ki1-3* 48 57 106 102 01 156 89 115 141 57 90 87 164 129 125 06
Ki-4" 50 61 11.8 113 01 162 101 125 146 65 99 96 179 133 129 0.7
Ki-5" 48 63 103 99 04 205 92 112 144 61 90 87 167 124 120 05
Ki-6" 46 62 98 93 09 171 82 107 142 55 85 81 156 124 120 05

Ki-7* 49 65 133 128 -05 117 108 140 148 64 105 10.1 194 131 126 06

K2-1 48 52 11.3 108 00 116 96 120 141 67 95 91 173 138 133 08
K2-2 48 54 107 103 04 174 93 115 142 63 95 91 165 136 132 08
K2-3 47 56 105 101 01 150 87 114 140 56 89 85 162 128 124 06
K2-4 50 64 113 109 02 186 98 121 147 62 97 93 174 131 126 06
K2-5 52 64 115 111 02 211 99 122 150 63 101 9.8 173 134 129 07
K2-1' 43 50 102 97 02 145 78 110 133 51 88 84 150 127 122 07
K2-2' 46 50 106 102 02 154 89 114 137 60 93 89 161 134 130 038
K2-3' 46 56 104 100 01 158 85 114 138 54 88 85 160 127 123 0.6
K2-4' 49 61 116 111 00 160 97 124 145 60 97 93 175 131 127 06
K2-5' 49 6.2 107 102 03 182 91 115 145 59 93 89 165 129 125 0.6

K3-1 35 35 18 112 -17 39 86 128 120 51 90 86 167 129 124 08
K3-2 49 54 134 130 -09 84 107 141 144 63 107 103 189 141 136 09
K3-3 33 42 12 107 -15 71 82 124 118 48 85 81 166 114 109 05
K4-1 41 51 118 112 -08 110 91 126 132 56 95 90 171 125 120 07
K4-1' 48 60 128 122 -03 139 104 133 145 65 105 10.0 185 133 127 0.8

K-S 69 00 00 17 00 16 00 -08 193 28 22 65 35 20 95 -04
K-Sea 38 00 00 107 00 108 00 04 89 55 89 126 56 91 169 0.7

Beide=beidelite; Clchlore=clinochlore; Mont=montmorillonite; Nont=Nontronite.

goie] A Aol 2 AFT dsld UBY 1 BERESYY] me 8549 Weke elFs 2
Blolis) Askes) AsEEAE sk MaRds o) BFelth T 30m A% B Asie)
k. MP system ©}83 25159 Askslds A3t pHF 901402 vehts RS olf€el AYow of

& AREgol SeThE w0 pHE) ol £ 9l % BUS Y APEY A a2 488
o, Aol wet Askee) Bekmgel gl & 7] A1 JJEk Sgek R ARSI MP system
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