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Hydrochemistry of Groundwater at Natural Mineral Water Plants in
the Okcheon Metamorphic Belt
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ABSTRACT

Because of its stable quantity and quality, groundwater has long been a reliable source
of drinking water for domestic users. Rapid economic growth and rising standards of
living have in recent years put severe demands on drinking water supplies in Korea.
Groundwaters that are currently being used for natural mineral water were
hydrochemically evaluated and investigated in order to maintain their quality to satisfy
strict health standards. There exist 15 natural mineral water plants in the Okcheon
metamorphic belt.

Characteristics of groundwaters are different from those of other areas in that electrical
conductivity, hardness, contents of Ca, Mg, and HCO; are relatively high. The content of
major cations is in the order of Ca)XMg, Na)K, whereas that of major anions shows the
order of HCO3)SO.CDF. The fact that the Ca—Mg—HCO; type is mostly predominant
among water types reflects that dissolution of carbonates that are abundantly present in
the metamorphic rocks plays an important part in groundwater chemistry. Representative
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correlation coefficients between chemical species show Mg—HCO4(0.92), Ca—HCO04(0.88),
Ca—Mg(0.80), Ca—Cl(0.78), Mg—S0,(0.78), Ca—S0,(0.71), possibly due to the effect by
dissolution of carbonates, gypsum or anhydrite. Determinative coefficients between some
chemical species represent a good relationship, especially for EC—(K+Na+Ca), Ca—HCO;,
Ca—Mg, indiacting that they are similar in chemical behaviors.

According to saturation index, most chemical species are undersaturated with respect to
major minerals, except for some silica phases. Groundwater is slightly undersaturated
with respect to calcite and dolomite, whereas it is still greatly undersaturated with respect
to gypsum, anhydrite and fluorite. Based on the phase equilibrium in the systems Na,0O—
Al,0;—8Si0,—H,0 and K,0—-Al,0;—S8i0,—H,0, it is clear that groundwater is in
equilibrium with kaolinite, evolved from the stability area of gibbsite during water—rock
interaction. It is expected that chemical evolution of groundwater continue to proceed
with increasing pH by reaction of feldspars, with calcite much less reactive.

Key words : groundwater, natural mineral water, Okcheon metamorphic belt, water—
rock interaction, saturation index, kaolinite, feldspars
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Fig. 1. Location map of the bottling plants for
natural mineral water in the Okcheon

metamorphic belt.
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Table 1. Results of chemical and physical analyses of groundwater.

K Na | Ca | Mg | SiO; SOs | F | NO;| Al [HCO; (u?/fm) pH

O-1 1751 5.04) 1100} 1.04 | 1390 2.76| 176 020 | 0.32 | 0.00 | 47.3| 110.0[ 7.81
0-2 1.10 { 5501750} 406 | 1410| 3.81|1550( 006 | 1.96 | 0.00 | 57.9| 176.0] 6.80
0-3 1.32 | 8.00(42.60| 996 | 2050 15.10| 4250 | 0.09 | 0.89 | 0.00 { 1159 267.0[ 6.85
0-4 1.51 | 5.19/4340]1500( 11.10{ 8.66]20.10| 0.19 | 1.14 | 0.00 | 1769 3140 7.42
0-5 1.54 | 37312190 267 | 11.10} 533} 7.48| 004 | 1.19 [ 0.00 | 85.4| 121.0] 7.35
0-6 079 | 5821590 1.73 | 1520| 2.58| 5.10| 090 | 1.36 | 0.00 | 67.1| 100.0] 7.60
O-7 133 | 37413360 359 | 1260| 6.82| 3.02| 004 | 2.19 | 0.00 | 114.1| 1740/ 7.10
0-8 065 | 163[{11.80| 469 | 926| 1.47| 540} 0.03 | 0.00 | 0.00 | 61.0] 86.0| 817
09 108 | 2.24|1400| 1.32 | 1040} 2.10] 255| 002 | 055 | 0.00 | 50.0( 75.5| 7.20
O-10 | 065 | 433|2880| 1450|1020 3.56{33.90{ 0.16 | 0.31 | 0.00 | 146.4| 223.0{ 7.73
O-11 0.84 | 860|31.40(1270| 11.30| 7.61|2850| 028 | 0.33 | 0.00 | 146.4| 237.0| 7.39
O-12 1.03 | 10.70| 38.50| 14.80| 1480 5.66(22.90| 029 | 0.05 | 0.00 | 207.4| 285.0[ 7.30
O-13 | 063 | 430|3560}12.80| 10.80| 4.27|19.10| 0.13 | 1.40 | 0.00 | 152.5| 238.0] 7.29
O-14 | 085 3.47|1680( 501 | 1790 2.75]10.50| 0.06 | 0.62 | 0.00 | 74.2| 107.0{ 7.30
O-15 1.17 | 5.23]12320! 3.21 | 2820| 1.95]|1350{ 097 | 0.10 | 0.00 | 854 1440 7.66
average | 1.08 [ 5.17|25.73| 7.14 | 1409]| 496| 1545} 023 | 0.83 | 0.00 |105.86|177.17| 7.40
maximum| 1.75 | 10.70| 43.40 | 15.00 | 28.20 | 15.10 | 42.50| 0.97 | 2.19 | 0.00 207.40 (314.00 8.17
minimum | 0.63 | 1.63| 11.00| 1.04 | 926 147! 1.76| 0.02 } 0.00 | 0.00 | 47.30| 75.50| 6.80
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Table 2, Water types and hardness of groundwater.

type hardness
0—1 Ca—Na—HCO, 31.7
0—2 | Ca—Mg—HCO;—SO, 60.4
0-3 Ca—Mg—HCO;—S0O, 147.3
0—4 | Ca—Mg—HCO, 1700
0-5 Ca—HCO, 65.6
0—6 | Ca—HCO, 46.8
0—7 | Ca—HCO; 98.6
0—8 Ca—Mg—HCO, 48.7
0-9 | Ca—HCO, 40.4
0—10 [ Ca—Mg—HCO,—SO, 131.5
0—11 | Ca—Mg—HCO, 130.6
0—12 | Ca—Mg—HCO, 156.9
0—13 | Ca—Mg—HCO, 141.5
0—14 | Ca—Mg—HCO, 625
0—15 | Ca—HCO, 71.1
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Fig.2. Relative chemical contents of major

cations dissolved in groundwater.
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Table 3. Matrix of correlation coefficients among chemical components.

K Na Ca Mg SiO, Cl F HCO, SO,

K 1.00 0.08 009 | —029 0.18 033 | —010 | —0.13 | —0.20

Na 1.00 0.56 0.52 0.29 0.53 0.28 0.60 0.60

Ca 1.00 0.80 0.05 078 | —0.08 0.88 0.71

Mg 1.00 | —0.21 047 | —0.14 092 0.78

SiO, 1.00 0.10 062 | —0.14 0.15

Cl 1.00 | —0.24 0.48 0.68

F 1.00 | —0.03 | —0.06

HCO, 100 | 063

SO, 1.00
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Table 4. Saturation index of groundwater

Calcite | Dolomite | Gypsum | Anhydrite | Fluorite SiOy(a) |Chalcedony Quartz
0—1 —0.98 —2.80 —3.87 —4.12 —2.88 —0.94 —0.06 0.41
0-—2 —1.71 —3.85 —-2.78 —-3.03 —3.78 —0.94 —0.07 0.40
0—-3 —1.02 —2.45 ~2.08 —2.33 —3.14 —0.79 0.08 0.54
0—4 —0.26 —0.76 —2.41 —2.65 —2.49 —1.06 —0.19 0.27
0—5 -0.92 —2.57 —3.00 —3.26 —4.02 —1.04 —0.16 0.31
0—6 —0.87 —2.50 ~—3.28 —3.53 —1.46 —0.92 —0.04 0.42
0-—-7 —0.86 —2.51 ~3.25 —3.50 —3.86 —0.98 —0.10 0.36
0—38 —0.49 —1.18 —3.38 —363 —453 —1.13 —0.25 0.21
0—-9 —1.47 —3.81 ~3.61 —3.86 —4.76 —1.06 —0.17 0.30
0—10 —0.22 —0.55 —-233 —2.58 —2.79 —1.08 —0.21 0.26
0—11 —0.53 ~1.25 ~-2.36 —261 —2.26 —1.04 —0.16 0.31
0—12 —0.38 —0.98 --2.40 —2.65 —2.16 —0.92 —0.04 0.42
0—13 —0.57 —1.41 —2.48 =273 —2.85 —1.04 —0.16 0.31
0—14 —1.16 —2.68 -2.96 —322 —3.76 —0.82 0.07 0.54
0—15 —0.58 —1.82 —2.74 —2.99 —1.24 —0.64 0.24 0.70
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Fig.5. Plots of saturation indices of minerals vs. electical conductivity in groundwaters.
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Fig.6. Phase stability diagrams in the systems
Na, 0 — AL, O;— SiO,— H,0 (upper) and
K,0— Al,O;— SiO,— H,0 (bottom) at
298K and 1 bar. All water samples are
located in the kaolinite field and

saturated with respect to quartz.
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