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Hydrochemical Characteristics of Natural Mineral Water
in the Daebo and Bulguksa Granites

% ¥ £ (Byung Wook Cho) FEALATA AT FATFH

A < & (Ig Hwan Sung) FALATA AFHFATH

Z % 9 (Chang Oh Choo) FFALATE AT FATH

o] ¥ o (Byung Dae Lee) FAAA T L AT FA TR

72 % B (Tong Kwon Kim) FEAAATE A FEFAFE
RA/ABSTRACT

HENELS N AT A ¥ ollet AFEY Asteaidoldts HoA dAE ETAMNZ AR
#est 278 B didAe dragd@onE B2A g4 A Y EXEE dEdE g
WEez 949 FAE54E FeHA FAAA Mt dugdds EZANGY Age BE
e HEAE gAY 49 FASAL FeIeHo R FAE ATS RolAuk Alold RER gl

F201 255, H/HEE Fu4EW AE ol Lol FFE URHFY AQo] B g
AGET w4 Yepdoh ol FoA fREL Ca>Na>Mg>Ke o2 3| & Uelhln Sole AR
o] g2 HCO>SO>CIFY &€ Bk 37| Yo Ca-Na-HCO; 8o 713 A3 Cadlako)
7t ' AL sl FREA 7 U AFHFY LaiRgd 71987 qEQ Roz welr

dEs3e AGelME Ca-HC0:(0.84), Mg~HCOs(0.81), SiO~Cl(0.74), Na-HCO:(0.70) So] v|2d =
2 ABBAE  HelH, EFAEAY Ade A$ K-Mg093), K-HCO3092), Mg-Cl(0.92),
CI-HCO3(0.91), K-F(0.90) 5°] t4 £ AHIAAE A 487 AES Addctd g2z x4
gajA e x3xo] 713 AN AHE B Fo E2ulolE, A3, 4o gidtds B3RS} o
& vehdth Aesle] 852Ut $18he $¢ K Nazr e dze|die 8558 pHE 3A Z7hs)
FRe olv FAFREEHY LaiFE olo A g HIYIFANEY LR Le] sl T4te]
oL AE FFEHASE vt} Aty oz Hol 34 A9 x| aE7t FAWe A TrsA &4
e A Fol tste] obAE B3} delel 7] Wil pHe F7bst 7 AAFebe] uigo)l AL Ay
H 4 AL Aoz oadr)

g0l i HeME, WRIHAY, BSAee, Ak

B e

A

¥

247



ZWS, 498, #3342, oy, A5

4

Groundwater quality of the natural mineral water was investigated in hydrochemical aspects in order
to ensure that mineral water meets stringent health standards. There exist 20 mineral water plants in
the Daebo granite and 4 mineral water plants in the Bulguksa granite, respectively. Both granite aress
show some differences in water chemistry. The pH, EC, hardness, total ionic contents in groundwater
of the Daebo granite area are higher relative to those of the Bulguksa granite area. The content of
major cations is in the order of Ca>Na>Mg>K, while that of major anions shows the order of
HCO:>SO>CI>F. The fact that the Ca-Na-HCOs type is most predominant among water types may
reflect that the dissolution of plagioclase that is most abundant in granitic rocks plays a most
important role in groundwater chemistry. Representative correlation coefficients between chemical
species are variable depending on geology. In the Daebo granite area, Ca-HCOs(0.84), Mg-HCO05(0.81),
Si0,-Cl(0.74), Na-HCO5(0.70) show relatively good correlationships. In the Bulguksa granite area, fairly
good correlationships are found among some components such as K-Mg(093), K-HCO;(0.92),
Mg-Cl(0.92), CI-HCOs(0.91), and K-F(0.90).

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,
whereas it is still greatly undersaturated with respect to dolomite, gypsum and fluorite. Based on the
phase equilibrium, it is clear that groundwater is mostly in equilibrium with kaolinite and becomes
undersaturated with respect to feldspars, evolved from the stability area of gibbsite during water-rock
interaction. While the activity of silica increases, there is no remarkable increase in the acivities of
alkali ions and pH, which indicates that some amounts of silicic acid dissolved from silica phases as
well as feldspars were provided to groundwater. It is concluded that chemical evolution of groundwater
in granite aquifers may continue to proceed with increasing pH.
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Fig. 1. Location map of the mineral water
plants in granite regions.
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Table 1. Results of chemical and physical analyses of groundwater from Daebo
granite and the Bulguksa granite.
; EC
K Na Ca Mg SiO, Ci S0, F NO;, Al HCO,4 (e Slom) pH
Daebo granite

D—1 2.06 10.60 19.60 4.98 3550 6.98 543 013 1.34 0.00 104.0 200.0 7.11

D-2 1.56 10.50 23.00 3.71 24.80 3.5 930 0.69 0.00 0.00 116.0 213.0 7.60

D-3 1.26 870 20.00 553 26.70 501 3.31 0.15 0.62 0.00 116.0 193.7 7.24

D-4 0.60 1250 11.20 1.36 29.70 7.16 6.48 0.26 3.68 000 79.3 130.0 6.08

D-5 0.90 10.30 19.90 3.95 30.80 5.05 13.30 0.35 1.69 0.00 97.6 1450 6.26

D-6 1.09 7.00 18.10 2.15 23.50 3.55 14.50 0.08 1.30 0.00 61.0 171.0 7.32

D-7 1.04 7.30 1240 1.27 23.90 4.44 295 0.52 0.51 0.00 46.0 127.0 7.81

D-8 0.54 17.40 18.30 1.46 20.80 5.03 4.16 1.91 1.04 000 946 218.0 7.24

D-9 0.55 21.10 15.80 5.21 10.90 3.92 12.40 0.80 220 0.00 1159 2750 7.87

D-10 0.38 516 10.20 1.47 2060 1.37 292 015 025 000 61.0 1071 7.30

D~-11 1.06 2.86 13.50 3.40 919 1.42 6.84 0.73 1.58 0.10 549 154.3 7.07

D-12 0.66 7.80 13.90 225 889 1.50 7.20 0.27 0.81 0.00 79.3 160.7 7.35

- D-13 050 4.23 7.03 1.18 2010 1.56 0.96 0.07 0.79 0.00 42.7 107.4 7.68

D-14 1.01 585 1420 1.71 13.70 3.83 11.30 0.11 211 0.00 48.8 1245 7.12

D-15 0.52 532 11.30 1.52 2.09 229 1.21 016 1.12 0.00 42.7 957 7.40

D-16 0.45 482 1100 091 1760 296 505 0.75 1.41 0.00 33.6 935 7.07

D-17 1.26 4.41 11.80 083 1540 1.19 295 035 043 000 42.7 90.7 7.69

D-18 1.17 13.10 3580 5.31 32.00 6.60 6.26 0.66 2.14 0.00 152.5 237.0 6.60

D-19 0.26 12.10 20.00 0.75 20.10 3.56 23.10 0.87 0.05 0.00 79.3 138.0 7.74

D-20 1,04 7.60_24.10__3.51 15.90 3.63 16.30 0.10 _0.00 _0.00 97.6 _ 157.0 _7.68

average 0.90 893 16.56 262 20.11 3.71 7.80 0.46 1.15 0.01 78.27 156.93 7.26

maximum 2.06 21.10 35.80 553 3550 7.16 2310 1.91 3.68 0.10152.50 275.00 7.87

minimum 0.26 286 7.03 075 209 1.19 0.96 0.07 000 0.00 33.55 90.70 6.08

Bulguksa granite

B-1 0.53 6.60 9.23 1.13 2410 3.94 7.37 034 086 0.00 336 99.0 6.81

B-2 0.35 10.00 3.49 1.15 4550 3.01 4.87 0.03 0.00 0.04 427 137.7 6.67

B-3 0.37 7.03 10.30 1.84 29.90 2.97 3.36 0.35 0.06 0.04 51.9 120.0 6.84

B-4 0.07 4.97 18.10  0.87 22.40 2.03 34.40 0.05 _0.00 _0.01 33.6 _ 133.0 7.41

average 0.33 7.15 1028 1.25 30.48 299 12.50 0.19 0.23 0.02 40.43 122.43 6.93

maximum 0.53 10.00 18.10 1.84 4550 3.94 34.40 0.35 0.86 0.04 51.85 137.70 7.41

minimum 0.07 4.97 3.49 0.87 22.40 2.03 3.36 0.03 0.00 0.00 33.55 99.00 6.67
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Table 2. Water types and hardness of
groundwater.
sample type hardness

Daebo granite
D—-1 Ca—Na—-Mg—-HCO, 69.4
D-2 Ca—Na—HCO;3 72.6
D-3 Ca—Mg—-HCO; 72.6
D—-4 Ca—Na—-HCO; 33.5
D-5 Ca—Na—HCO,; 65.9
D-6 Ca—Na—-HCO;—-S0, 54.0
D-7 Ca—Na—HCO; 36.2
D-8 Ca—Na—HCO, 51.7
D-9 Na—Ca—HCOy4 60.9
D—-10 Ca—Na—HCO; 31.5
D—-11 Ca—Mg—HCO; 47.7
D-12 Ca—Na—-HCO;, 43.9
D-13 Ca—Na—-HCO; 22.4
D-14 Ca—Na—HCO;—-S0, 42.5
D-15 Ca—Na—HCO; 34.4
D-16 Ca—Na—-HCO,; 31.2
D—-17 Ca—Na—-HCO; 32.9
D~-18 Ca—HCO; 111.2
D-19 Ca—HCOg4 74.6
D—-20 Ca—Na—-HCQ0;—-80, 53.0

Bulguksa granite
B—-1 Ca—Na—HCO; 27.7
B-2 Na—Ca—HCO; 13.4
B-3 Ca—Na—HCO;,3 33.3
B—-4 Ca—S0,—HCO; 48.7
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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.

Daebo granite K Na Ca Mg SiO, Cl F HCO; SO,

K 1.00 -0.07 0.43 0.57 0.46 0.3 -0.25 0.36 -0.08
Na 1.00 0.44 0.41 0.28 0.59 0.56 0.70 0.31
Ca 1.00 0.65 0.46 0.53 0.20 0.84 0.40
Mg 1.00 0.34 0.45 -0.07 0.81 0.10
SiO, 1.00 0.74 -0.03 0.50 0.04
Cl 1.00 0.13 0.60 0.13
F 1.00 0.22 0.06
HCO; 1.00 0.26
SO, 1.00
Bulguksa granitd K Na Ca Mg SiO, Cl F HCO; SO,

K 1.00 0.85 0.72 0.93 0.14 1.00 0.90 0.92 ~0.53
Na 1.00 0.53 0.83 0.61 0.83 0.59 0.85 -0.57
Ca 1.00 0.87 -0.28 0.74 0.72 0.88 0.15
Mg 1.00 0.10 0.92 0.87 1.00 -0.34
SiO, 1.00 010 -0.19 0.14 -0.55
Ci 1.00 0.89 0.91 -0.48
F 1.00 0.83 -—0.48
HCO;, 1.00 -0.30
SO, 1.00
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Table 4. Saturation index of groundwater from the Daebo granite and Bulguksa granite.

Daebo granite Calcite Dolomite Gypsum Anhydrite  Fluorite SiOps) Chalcedony  Quartz
D—1 -0.95 -2.15  -3.22 ~3.44 -3.21 -0.63 0.21 0.64
D-2 —~0.36 -1.16 ~2.93 -3.15 -1.70 -0.79 0.05 0.48
D-3 -0.77 -1.75 —-3.43 -3.65 -3.08 -0.76 0.08 0.51
D-4 —2.46 —5.63 —3.33 -3.58 —2.70 —0.63 0.25 0.71
D-5 —1.98 —4.47 -2.81 —3.06 —2.20 -0.60 0.28 0.74
D-6 -1.00 —2.58 —2.80 -3.02 ~-3.65 —-0.81 0.03 0.46
D-7 —0.78 -2.19 -3.61 -3.83 -2.15 —0.81 0.03 0.46
D-8 -0.89 —-2.53 —-3.35 —-3.57 -0.89 —-0.86 -0.02 0.41
D-9 -0.26 —0.65 -2.97 ~3.19 -1.74 —-1.15 —0.31 0.12
D—-10 —-1.24 -2.97 —-3.70 —-3.92 —-3.32 -0.87 -0.03 0.40
D-11 —-1.41 -3.08 -3.23 —3.45 -1.84 —1.22 —0.38 0.05
D-12 —-1.08 —-2.73 -3.20 —3.44 -2.59 -1.16 -0.29 0.16
D-13 —1.32 -3.21 —4.31 —4.56 -3.99 -0.79 0.09 0.55
D-14 -1.39 —3.35 —2.99 —-3.21 —3.46 —-1.04 —0.21 0.22
D-15 -1.25 ~3.02 ~4.03 —4.25 —-3.21 —-1.86 -1.02 —-0.59
D—-16 -1.69 ~-4.12 -3.42 —3.64 -1.88 —-0.94 -0.10 0.33
D—-17 —1.07 ~3.07 -3.62 ~3.86 —2.40 -0.92 -0.05 0.41
D-18 -1.19 -3.00 —2.94 ~-3.19 —1.45 -0.60 0.27 0.73
D-19 —0.56 -2.31 —-2.57 —2.81 —1.44 -0.81 0.06 0.51
D—-20 —0.45 —1.49 —2.66 —=2.90 ~3.25 —0.91 -0.05 0.41
Bulguksa granite Calcite  Dolomite Gypsum . Anhydrite Fluorite  SiOy, Chalcedony  Quartz
B—-1 -2.19 ~5.09 —~3.32 —-3.57 -2.50 -0.71 0.17 0.63
B-2 —-2.48 -5.10 —-3.91 —-4.13 ~-5.17 -0.52 0.32 0.75
B-3 -1.87 —-4.23 —-3.63 -3.87 -2.51 -0.65 0.22 0.67
B-4 -1.18 —-3.33 -2.43 —2.65 —4.06 —0.83 0.01 0.44
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Fig. 4. Phase stability diagram in the system
K,0-Al,03-Si0-H,0 at 298K and 1
bar. Most water samples are located
in the kaolinite field. One sample from
the Daebo granite area lies in the
gibbsite stability field and unders-
aturated with respect to quartz.
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Fig. 5. Phase stability diagram in the system
Naz0-Al203-Si0O-H0 at 298K and 1
bar. Most water samples are located
in the kaolinite field. Groundwaters are
far from equilibrium with albite.
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