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Study of Ground Waters on both GIJI and KIAN
Watersorings in Southern OKINA WA

Kiyoshi KANESHIMA, Tamotsu OOMORI, Tamotsu YAMADA,

Abstract

The ground waters on both GIJI and KIAN have been collected,
to discuss the geochemical nature of waters on southern OKINAWA
during the last two years.

In this paper, the time dependence of chemical compositions in
ground waters on both watersprings collected from June 1976 to
December 1977 was studied and discussed with the consideration of
regional variation at clay and limestone areas.

It was found out from this work that the ground waters at clay
area were largely affected by rain-fall. The water level and K* ion
concentration rised rapidly with the rain-fall but the concentration of
Ca* HCO;, Mg*t SiO,, CI- and Na*ions decreased along with. The
chemical compositions in waters at limestone area, however, remained
comparatively unchanged as to compared with at clay area under the
rain-fall of measured 90 mm. When it rained heavely through, the
water level rised and the chemical compositions were affected
considerably giving almost the same patterns with at clay area execpt
for Na* and Cl- ions. The K* ions in both areas seem to be
contaminated from the human activities.

Since the water at GIJI waterspring have not been used for long
time, the water was pumped out completely with the intervals of once
a week during from Sept. 19th to Nov. 28th to check the circulation
of the ground water. After pumping up, the concentration of all
chemical compositions in water changed largely. The result showed
that the concentrations of Ca**, Mg*, HCO,, SiO,, Na* and CI-
increased apparently whereas the K* and SO, ions decreased.

The HCO;, SiO,, Na*, Mg** and K* concentrations are higher in
clay area than at limestone area whereas the SO7 concentration gave
the lowér values in clay area. The higher positive correlations among
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Ca*, Si0,, Mg**, Na*, Cl- and HCO; with each other were observed
in waters at GIJI area. The same correlations among Ca**, SiO, and
HCO; were observed in waters at KIAN area. These components in
KIAN and GIJI areas were considered to be resulted from the
interactions between water and limestone or clay materials at
underground. The other components such as Na* and ClI-, however,
are affected by sea water significantly. The values of K*/Cl- and SO
/Cl- ratios increased in inverse proportion to concentration of Cl- in
water on GIJI and KIAN areas. The geochemical considarations of
excess Ca**, Mg**, Na*, SO; and K* were discussed in detail in this

paper.
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Table. 1 Variation of chemical composition of ground waters
in GIJI waterspring (1976)

Cl- HCO; Na* K Ca* Mgt SOi- Si0, NH, PO,-P W.L
No. pH (ppm) . Date
(ppm) (meq) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (x107°) (ppm)  (cm)
GB-17| 7.5 325 36.5 4.0 121 3.0 64 76/7/29
GB-28| 80 33.6 35.9 3.7 13.0 333 13.2 -1 8/ 6
GB-29 7.8 3.1 3%.4 4.5 12.0  33.3 13.4 0 8/10
GB-30| 7.9 35.1 35.4 4.1 12.2 296 13.6 —12.5 8/15
GB-31| 8.1 254 28.0 5.2 1.9 358 15.3 +16 8/20
GB-32| 8.2 28.9 28.9 4.7 9.5 36.2 16.9 +10 8/25
GB-33| 81 28.9 30,9 4.4 10.4 376 11.6 - 45 8,30
GB—34| 8.0 321 6.48 328 4.2 11.4 342 18.9 -7 9/5
GB-35| 80 69.3 2.05 47.7 10.2 6.4 625 6.2 + 2 9./10
GB—36] 7.9 557 441 421 7.0 10.0  63.0 13.3 +18 9./15
GB-37| 7.9 483 58 39.1 57 9.2 10.8 50.6 16.5 + 8 9,/20
GB—47| 7.9 453 6.28 405 5.8 96.5 11.2 477 17.4 + 4 9,25
GB-42| 8.1 432 657 41.0 53 11.5 453 17.8 -4 9./30
GB-43| 7.9 420 6.8 41.0 5.1 11.7 412 18.3 -10 10/5
GB-48| 7.8 443 6.37 40.5 4.6 102 129 388 151 6.5 0.036 —23 10/10
GB—49 7.8 42,7 594 379 4.6 101 1.9 38.0 145 8.0 0.041 + 8 10/15
GB-50| 7.9 385 441 348 58 8.4 9.3 409 83 4.4 0.045 +42 1020
GB-51| 81 329 29 332 7.9 742 100 8.3 93 59 0.028 +22 10/25
GB—52| 81 4.2 516 3.3 56 9.1 126 565 11.2 4.9 0.045 +16 10,30
GB-53{ 7.8 40.4 572 39.5 51 103 13.1 487 114 49 0.043 + 55 1/5
GB—54| 7.9 425 573 383 4.5 103 12.6 44.2 13.5 5.4 0.048 +19 11/10
GB-55| 7.9 43.2 6.16 39.8 4.4 105 13.2  43.8 13.8 13.4 0.061 +17.5 11/15
GB-56| 7.9 425 6.06 39.3 4.7 107 129 42,1 124 11.6 0.06 0 11,/20
GB-57| 7.9 43.6 6.25 39.9 4.1 107 13.5 384 169 12.6 0.051 — 4 11/25
GB-58| 7.9 427 6.50 40.2 4.2 107 13.7  41.7 135 8.0 0.048 —15 11,/30
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Table. 2 Variation of chemical composition of ground waters in
KIAN waterspring (1976)
Cl HCO; Na* Ca** Mgt SO;- Si0O, NH, PO,-P WL
Na (ppm) Date
(ppm) (me/g) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (x07%) (ppm)  (om)

KA-1] 7.1 319 451 234 2.6 7.4 8.0 5.5 76/6/25 13 40
KA—-2| 7.6 317 451 255 25 7.2 84.4 5.6 6/2515: 40
KA-3| 7.8 31.7 448 355 2.5 6.8 827 6.5 772
KA—4| 7.7 31.7 448 255 2.6 7.0 848 5.4 7#3
KA-5 31.7 4.48 255 2.5 6.8 815 6.4 7/4
KA—-6 3.2 442 254 2.6 6.9 8l.9 6.2 7/5
KA—-7 25.9 4.2 222 3.0 6.4 78.6 6.6 7/10
KA-8 277 4.09 223 3.0 6.8 79.0 6.4 7/15
KA-9| 81 274 427 222 22 6.8 8.7 6.3 7/20
KA-10 26.8 4.30 209 2.4 7.2 856 6.2 7/2
KA-11| 8.0 27.2 452 21.7 2.4 7.1 819 6.3 7./30
KA-12| 8.4 27.2 460 21.6 2.4 7.0 8.7 6.3 8/5
KA-13| 7.8 27.8 458 226 2.5 6.9 844 6.3 8/7
KA-14| 7.8 279 2.7 2.6 6.8 8.9 7.4 8 /11
KA-15| 7.8 28.2 4.66 22.1 2.4 108 6.9 8.2 6.2 8,16
KA-16| 8.3 28.6 4.62 225 2.5 109 6.8 8.5 6.3 +1 8 /21
KA-17| 7.9 28.7 4.68 22.6 2.4 109 6.8 786 6.3 0 8,/26
KA—-18| 7.9 28.7 458 226 2.3 108 6.7 78.6 6.1 0 8./30
KA-19| 85 295 453 221 2.1 6.7 77.8 5.9 -6 9/7
KA—-20{ 8.5 29.7 457 226 2.1 107 6.8 80.2 6.1 -19 9/17
KA-21| 84 298 459 226 2.1 108 6.7 79.9 5.8 9,/20
KA-145 32.6 4.63 254 2.1 110 6.8 745 6.0 9,/25
KA—44 3.7 470 25.3 2.3 111 7.0 78.6 6.1 -2 10/1
KA-41| 81 31.6 4.69 257 26 112 6.9 79.0 7.6 -10 10/5
KA—-46 345 3.9 2.7 2.5 110 7.3 792 6.2 7.4 0.083 Il 10/10
KA—46| 8.1 340 4.00 26.8 2.3 108 71 7.1 7.0 6.9 0.043 —20 10/15
KA-48| 8.2 329 3.76 245 2.0 102 6.8 73.8 58 7.5 0.052 —I1 10/20
KA-49| 8.1 378 411 269 3.3 116 7.8 92.3 63 5.9 0.071 447 10/26
KA-50| 8.0 37.2 4.22 26.0 3.2 119 7.7 9.7 6.6 7.9 0.083 +27 1/1
KA=51| 83 356 4.13 269 3.0 116 7.5 85.7 6.7 11.5 0.071  +21 11/5
KA-52| 8.0 368 4.10 265 3.1 116 7.5 89.8 7.5 4.9 0.059 +18 11/10
KA-53| 8.0 38.0 4.17 27.8 3.2 116 7.7 923 6.3 5.4 0.080 —12 11/16
KA-54| 8.0 373 412 2.1 32 117 7.6 9.1 6.7 7.5 0.077 + 4 11/22
KA-55| 8.0 37.2 412 27.1 3.0 15 7.5 820 7.2 11.0 0072 —2 11/27
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Table. 3 Chemical Composition of ground waters inGIJI waterspring (1977)
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Table. 5 Chemical Compositon of ground waters in KIAN waterspring (1977)
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Table. 6 Chemical composition of ground waters in KIAN
waterspring (1977)

Sample |Temp W.T HCO; Ca* Mg* Na* K* Cl- SO,y  Sio,

No (cy () i = (me/l) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) v
K-1 | 33.2 248 7.78 670 3.55 27.4 2.9 33.4 73.8 8.2 77.7.5
K—2 | 31.2 246 753 710 3.55 25.0 3.0 35.6 71.7 8.4 7.11
K—-3 | 33.2 238 7.43 70 3.7 275 B4 3.3 73.4 8.4 7.15
K—4 | 345 245 752 702 3.73 100 7.2 2.6 3.2 35.7 75.1 8.8 7.22
K-5 | 31.5 245 7.78 710 3.70 102 7.3 26.8 3.2 358 77.9 8.5 7.28
K-6 | 305 265 760 601 273 8.3 6.2 332 55 55.4 55.7 9.0 9.29
K—-7 [ 287 240 72 720 370 120 74 281 3.5 35.8 824 85 10.19
K-8 | 270 238 7.26 703 3.73 116 7.6 260 3.2 3.2 816 8.8 10.26
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THHTH B, KDFEHLIFIZL > THRRIZEZZIE e A > FODERD L ADEE HL,
200 RE & TAKAIZEBET B, ZOHBETHE AL SWMEABL, HLOA»EHRT L2 LT,
EmiaumE#EmT&#%ﬁMLto%mﬁ%,mALWuiémEm%muﬁ%f%éc'
ROFETIXI774 9 B19A FHTIIERICHR KRG 77 BIZikA EIF, #0902 H 9 B200 45 8 B2k
P AE L 22D THUBRAL THFL 2 ERTH D,

Table. 7 Variation of chemical compositions in ground
waters on GIJI after pumping up

Ca** HCO: Mg** Na* Cl- Si0. SOy K*
(ppm) (meq/1) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm)
Sept. 19 82.2 4.27 9.9 26.9 25.9 20.0 35.1 6.9
Sept. 20 | 112. 6.54 155 -36.4 41.3 269 29.8 6.4

Elements

# 71245 & 91zCa**, HCO;, Mg*, Na*, Cl-H(3BE HKL, Z+1URL TK*£S0;
IZBEFRBLLEZOFRLNS, 202 SidHN%9 AI198 L W11A288 £ Tof4E:A 1 @il
BlOkA LIF 2 EMHL 7288, 9 ALI9BLIETE 2Ll ©K ESOZ 3dticigA L 2dic KL
Ca**, HCO;, Mg**, Na*, Cl'Z Ki3fiLd3mL, R7OERE L L —%L, LVBERIZZ
DR R 72, THERSIZRT,

Table. 8 Mean Values of Chomical Composition in
waters on GIJI and KIAN

GIJI KIAN
A B B/A C A B B/A C

PH 7.36 7.10  0.90 7.25 | 7.38 7.23  0.98 7.30
Ec (us/om) 636 748  1.18 691 625 677 1.08 648
HCO:(me/f) | 4.20 6.88 1.64 5.54 | 3.28 3.63 1.12 3.43
Ca** (ppm) | 89.1 117. 1.32  104. 95.9  112. 1.17  103.
Mg** (ppm) 9.4 16.0 1.70 13.2 7.5 7.5 1.00 7.5
Na* (ppm) | 30.4 41.1  1.35 36.1 | 26.3 26.3 1.00 25.8
K*  (ppm) 7.7 4.6 0.60 5.9 3.4 3.4  1.00 3.2
Cl~ (ppm) | 32.1 44.2 1.38 39.3 | 37.4 36.9  0.99 36.5
SO:;” (ppm) | 36.8 23.9  0.65 30.2 | 58.8 76.2  1.30 66.8
Si0; (ppm) | 19.7 28.8 1.46 24.5 7.9 8.6 1.09 8.0
Rainfall ( wm) 711 385  0.54 1254 589 248  0.42 926
*A6.27~9~19 Number of Sample 13

B9 ,26~1212 Number of Sample 13

C--5./301219 Number of Sample 31

R8NP TAIZ6 A27H~ 9 A19B DR A EIFRIDIBNEEME /R L, Bl 9 A268~128
128 £ TOIBBEDOEEE R L 2 L DT, FHOWEB/ANHELRL, Cli5 B30HA» 5128



Bull. Sci. & Eng. Div., Univ. Ryukyus, (Math. & Nat. Sci.) No. 26, 1978. 71
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B2 L DT RALFICE BKRENENTH D ZEHVBABRTH S, ZHOKEELIZERDHAR
DEEKEITEALBBL L VHEBOFTHLDDDIFZ Y IDHY), FNI 777 %E>T
KDz FEE L CilkE L THBICH TRS ot EoPIc REFMBER L T 2KaEt g
DTHEERSZBELHL T, EERIZKS 712 5RALFTHHL 220 L #HRIS L, ZORS
»*Mg*™, HCO;, Cl-, Ca*,SiOz Na‘*Z & Th ), KEK" % SO; 13K & ) Lw&AEKIZ L -
THEFDBEBL 2T VREOK RS0; 2 2BP L TA- TRLZLDTHL ) EEZ D,

Table. 9 Correlation Coefficient among Water Level, Rainfall and
Chemical Composition in waters on GIJI (1977)

Temp W.T W.L pH Ec HCO; Ca® Mg™ Na' K* Cl- SOy SiO. Rainfall
Temp 1.00 0.72 0.27 0.64 -—0.27 -0.58 —0.47 -—-0.55 —0.51 0.46 —0.48 0.66 —0.58 0.05
W.T 1.00 0.20 0.62 —0.29 —0.64 -0.61 —0.72 —0.59 0.59 —0.64 0.72 -0.66 —0.05
W.L 1.00 0.34 —0.50 —0.51 —0.56 —0.47 —0.51 0.56 —0.48 0.41 —0.55 0.46
pH 1.00 —0.56 —0.77 —0.67 —0.73 —0.68 0.55 —0.61 0.75 —0.77 0.07
Ec 1.00 0.85 0.89 0.78 0.87 -0.75 0.85 —0.59 0.80 —0.52
HCOz 1.00 0.96 0.95 0.96 —0.87 0.91 —0.84 0.97 -0.39
Ca* 1.00 0.94 0.95 —0.88 0.96 —0.75 0.93 -—0.41
Mg* 1.00 0.93 —0.82 0.94 -0.80 0.96 —0.32
Na* 1.00 —0.82 0.95 —0.75 0.94 -—0.42
K* 1.00 —0.80 0.75 —0.83 0.39
(o 1.00 —0.70 0.90 -0.38
SO7 1.00 —0.85 0.15
SiO., 1.00 -0.36
Rainfall 1.00

Table. 10 Correlation Coefficient among Water Level, Rainfall and
Chemical Composition in waters on KIAN (1977)

Temp W.T W.L pH Ec HCO; Ca* Mg"* Na' K* Cr- SOy Si0. Rainfall
Temp 1.00 0.82 0.39 0.53 —0.10 —0.37 —0.40 —0.17 0.13 0.20 0.15 —0.52 -0.19 0.02
W.T 1.00 0.63 0.68 —0.40 —0.63 —0.69 —0.39 0.34 0.54 0.36 —0.69 —0.14 0.34
W.L 1.00 0.3¢ —0.03 —0.38 —0.32 0.06 0.58 0.78 0.63 —0.15 0.30 0.11
pH 1.00 —0.62 —0.65 —0.80 —0.60 0.35 0.54 0.28 —0.82 -0.21 0.39
Ec 1.00 0.67 0.81 0.64 —0.15 —0.40 —0.00 0.77 0.30 —0.42
HCOx 1.00 0.89 0.36 —0.55 —0.68 —0.53 0.79 0.61 —0.36
Ca* 1.00 0.60 —0.51 —0.66 —0.39 0.93 0.37 —0.50
Mg** 1.00 0.02 —0.18 0.11 0.68 0.10 —0.52
Na* 1.00 0.84 0.87 —0.28 0.04 0.07
K* 1.00 0.75 —0.42 0.09 0.21
Cl- 1.00 —0.21 -0.06 0.11
SO7 1.00 0.46 —0.48
Si0, 1.00 -—0.11
Rainfall 1.00
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ROBEARIZTRT, AIKEICH
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Fig. 20 Relationship between Ca** and SO;~ in waters on GIJI and KIAN (1976)
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Fig. 21 Relationship between SO; and
Ca** in ground waters on GIJI
and KIAN areas (1977)
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Fig. 22 The relationship between excess

Ca** and SO, in ground waters
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KIZ5—5—3DCa* L HCO; DEARDIHA T &k ICEBRNKICIZCa(HCOy) . & ) L8
FNCa* bk b Z & 2k ~NIzhY, ZOBFNCa** LSO5 & # Bz 7o v L 2KHPK2TH 5,

RTHR3 & i, BBRNKIZCa(HCOs) DA HatEE N 5Ca™ & N #@F|nCa* £SO &t
LEHCaSODBUZITV & ZAIEHH L, BRRD S ) LAIKEHE TIIAIKE 5 5D CaSO,NiEHD
HEE L 2 LD, ZHUIHERAIREICI35E0.18%, TH#0.02%&K 3N, 129> THHICIIES
0.88%, F#10.57%L &N T 5 Z LIIFHE (195) 3 DWEICLH Y, HIKEHFNKNSO; (X
AIREP LDBERICED2INTHEURBIITTEZSNLZETH 5,

5—5—5 HCO; & SO; DRk

HCO; £SO &t g2 7w b L2OH» 23 TH B,

2312 B3 & 9 12HCO; £SO; & DBt L Ca™ £ SO;BRICEATEB D, HEXRTIZADHEMNDT
ERRTIEZ IR AL LLAOHEYH S, ZNIIERDHERA ETFIZL-T, it
J& b s »Ca** RHCO; iV K28 L TR7zdIZK L, SOdE L LT, Ca™**HCO; N4
WK & » GRIFN TR 2HEEZ LD,

ERRDBAIIT6EICIZ—0.18 L T FA & L2 ADFEMDY, 19774F12120.79 & BHER 0 IE D4R

© KIAN r- -0} ‘(,975) 100 k 4 Gl "='080(1977)
{ . ::IIZ': ?u-°_74()gm) / x KIAN 1=068(1977)
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Fig. 23 Relationship between SO, Fig. 24 Relationship between Mg**
and HCO; in waters on GIJI and SO;~ in waters on GIJI
and KIAN (1976)(1977) and KIAN (1976)(1977)

Mo TE Y, ZHUTAIKEWRHE TIEMAD 5 NSO, nft#as A% <, SO HHCO; *Ca* kit
Koo bhnbiehbtbEZILNS,

5—5—6 Mg*¥ SO tDRB%
Mg*t £ SOF & DEME * X 2412777, Mg* & SO5 & D% L Cat*e SO;X°HCO; & SO 7R
2T, ERRTIEOMEE, ERTADHBE»A LIS HXTIEMg13Ca™<HCO; & 8%
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2L, SOTrIBo BB THRIETN TWA 2 rE2RLTwh, L LER &0 &l
Mg** $SO: 4 Ca**HCO; & #I2 B X, HRDHBA & Bo TV = & H1976F0 19774 DELEI T
BB L,

5—5—17 K'&SO, tNBE%

K* 2 SO; nBfFR 2 X25127RT, M2 H5ERREBRICEVT, 2BRAEDENIZ L - TH
FHRMHERIZL TWwE, T4bbl6FICIRERR, HRELEOHBEEZRL, ROBEIE
K+ £SO; DK WD ERR TIZBKDO L VSO K L ) kK&, 1977481213 H K
TRIENMHBEZRL, SO; EK*DHIZHAKOIELINK D RE W, ZLTIK ODBENKE v
DIFEZNIREL L > T 2D TH S, 2L TZNREREY S KO CEICE
W2 Ehh, KHIFAKICE - THEEN T 2 e #AIE NS, BERRICE W TIZ19774(2
IZHTE I3 ADMHBEERL TWwd, LA LEEZ#MICoTEKOEWDIIBRNE NS
WEETZOZNRBEBRINL TR L1976 L ERELZEOMBELZRL T 5, K255 HK*
LSO I3 MBADI E —BETERRICN TISOI &, ERICHTIK DEWZ &b HilgKD,
DL T, KrIRETBEBHICETHRETHHL, MAkick-> TR, =
FUSHARSOFIZKHI S I3 BEIT S E %<, BACHBEEORED LD L#IZNE, KF 0%
KIZABMERLZZT T EKH S0 LI3HE S (1973) 9 2LEAL(1972)5 »*SHE LR
KEEBIUVEGHBIZALZE2HMEL TWE 2 EALHEROHFLABICAR, HENHSZ
ERLEEPKICL DI ELTFREIN, XL5IZ5BNBEICEI VEDINEMETH D,

x KIAN  r=-0420977)
a Gl r=+075(977)
© KIAN F=+0.73197%)

® GWI r=+0.781976)

K' (ppm)

Fig. 25 Relationship between K* and SO; in waters on GIJI and KIAN (1976)(1977)
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5—5—8 K'Z&Cl ok

K* &ClIm & natR % H2612 7R T,

2R3 & 51K ECl L RERRTCENHEVFHEXRTIIAOHEB»H 5, ZL TANNE S
LEBANKE N LK DI 22 BWEERLTVWAERNBES, BWIC L) HEXROESH»HE
HDONIBICK P ERICBAL TRLIZEEZRLANCARLZZEHNZIZITLRLNE, 2T L
IXRI27TOK*/Cl- & Cl- DBfF £ R L 2R & BAUE & ) BIBC 4 ) Cl- 254 & & K+ /C- o flils
HRICATHEICKELEZRLIBVEBANHEBL YOG LA M2 50K DEAZHLL IR L
Twb,

o — Gl o GLI
o - KIAN °® 0 - KIAN
r=-(BO(GLI) 0.40}
I’=0,750(1AN)
0.35F
B K 0.30e .
K . AIO.B . .
Prml o e ®
10 i N ° O_m ) ...
oy
A H % 0.15 o ° .o
[ ) ~N [ ] [- X
5t . ° 0.10} %, %o
u. ." ° W w [«]
]
° % 0.05 } *
AF—_’__sia_,waﬁ_f_—————' sea_waler
0 % 40 50 0 20 30 40 _ 50 60
Cl pom CU ppm

Fig. 27 Plots of K* /Cl- against CI-

Fig. 26 Relationship between CI~ and
content of ground waters in GIJI

K* in ground waters on GIJI
and KIAN (1977) and KIAN areas. (1977)

§—5—9 SO;ClrraM®

SO: &CI7 & DBAFR % 2812 7R T,

B281213SO*~/Clr Db L Clr DBk % 7a v b L2 L O TEERIZH TLHERIZHTLCI A9K
W EISO;/Clrler s, BAaNPWKIZSO; SV LERL Tv5, 2L TENfEILHE
KOEL D LEE V., UK ECI BRI & CATEH D SO K* & RERICHAL NS 5D
HAGRD SFK L EIC L > TEIINTHEKTB 2 ¢ 2RL T35, 2L TERL Y LRIKEGHE
ThHHIEBRRDBAIZKRENTEL5—-5—4N0Ca™ &SO; DEARTRENL L Y ICAIKED?HD
SO;DEHIZ L B2 & 2WEE-» TV 5,
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Fig. 28 Plots of SO;/Cl- content of
ground waters in the GIJI
and KIAN areas (1977)

5—5—10 FRAAHEEDAREMR

HAEEBROMBEFRHE L RID L E
B5r D A DT OTHBBIR 2 BB L fzons
E11: ER12TH B,

K11 K2 HLHEHREERROBEM S -4
EEEFEET L, HKICH T, Ca*,
HCO:, Mg*, CI", Na*, SiO, 7t ¥ i3#HE I
BUWEnHBEERL, R—TE8%RL T3
KEK*E SO 2B ICIEDHBA S 5 oo
By i3 e GEOANEBEZRL, K &SO7
NHEHH Ca*, HCO;, Mg*, Si0,, CI %
Na*Z L e i3& Blo#E 2 L TwbZ %
RLTW3, L ZAH»ERRTIZCa, Mg*,
HCO:, SiO: %4 I3 #HEIZIENAEM %2R 55,
HKIZEICECHEBIZAL C, ERTIZANHE
IR L 2SO ERRK T ENHEE 2R L
Twa, ZhizkL, Na', K+, ClI" 28
IZIEOHHB % R d Ao sy Ca*, Mg,
HCO:, SO., SiO, %X iz nfEE%ExRL,
K 2BEHEXREDENEFRIZAHDL, 2N L)

CHREEERT AbH Y v — VLB E AIRERBOBIZIIET 5L A LHHRET S &

Z AV TVWD,

Table. 11 Correlation Coefficient
among Chemical Compo-
sition in waters on GIJI

(1977)

Table. 12 Correlation Coefficient amo-
ng Chemical Composition in
waters on KIAN (1977)

Ca* Mg** HCO: Si0. CI- Na' K SOv Ca'* Mg* HCO: SO%S0. Na* K Cl
Ca** [1.00 094 096 0.93 0.96 0.95 —0.88 —0.75 Ca** |1.00 0.60 0.89 0.93 0.37 -0.51 —-0.66 —0.39
Mg* 1.00 0.95 0.96 0.94 0.93 —0.82 —0.80 Mg* 1.00 0.36 0.68 0.10 —0.02 -0.18 0.1l
HCOs 1.00 0.97 0.91 0.96 —0.87 -0.84 HCO; 1.00 0.79 0.61 —0.55 —0.68 —0.53
Si0. 1.00 0.90 0.94 —0.8 —0.8 SO3 1.00 0.46 —0.28 -0.42 —0.21
Ccr 1.00 0.95 —0.80 —0.70 Si0. | 1.00 0.04 0.09 —0.06
Na* 1.00 —0.82 —-0.75 Na* 1.00 0.84 0.87
K* 1.00 0.75 K* 1.00 0.75
SOy 1.00 Cl- 1.00
S— 6 RRTMMAEY & KEER

NIRRT RDALFEMBIS TSI 74§ 2 aRRPLBEOERIC L > THESNHNT, ER
KB & VHRDM T RDICFMER & 50 LIRERIY & OBIR & ERBRERY LIRET 2,
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5—6—1 HCO/ESiO,

HCO; & SiO. #ENBIR 2 K —2912 7R3 AP I I3Cl- BEA18.4~55.4ppm T, ZHICRA
5 #EKEEOHCO; 120.4% LU T Th - 72, 72#KHNSIOBEIEL MBETH L NOTINS
DEFIINIEAEETER,» LBEHRLZ LD EEZTE V, ZONHE L HET 5 L ERNHH*
HCO;, SiO, ¢ HICBEHIE BV IENHEMERT (HBEFREE40.97), BIKESLEFOHEW
Hh iR L TREWHEI BB E NS Z L2 k Dsilicate rock @ BAL S BAMETFL T LnE
E2 oMb, BRAAIZIFLC, Kia LR L 28CIZHCO; BEAE L < i L #x8912 HCO,/
SiO A /INE L 5 THEY, SiI0N—EBIZIER & IT T VRIECTERICERFEI LTV 2 HE
HhHs, EBRBRTIILEAICZHCO,/Si0. A 8 {, HCO; »'carbonate rock#* & it #8 & #1 T
WBZEERT,

- Gl
10- o - KIAN
HCO,
meq/| . { Sl
®,
5 o 4= °
&R -’
o og o 3
T j T T
0 10 20 30 40
SiO2 epm

Fig. 29 Relationship between SiO. and HCO;

5—6—2 BRIEEAHYEDOEF

WTFANMEERTD ENL I LTEMERETE LI &> THB SN0 2R T 5 2012,
BIEED S BAREFDES 2*CIriBETHIEL 2 “BFEE D/ A L BEICONTEZL 0%
BALSE 2 EELRTRIREWELEZ LN, BHENA + VBENIHCO; L ENHE 27T L
N3, EBKTCa*", Mg*, Si0.Th -7z, SO7IZBEMNIZITL WKL RITITIENFERE S ) —
T ERD LBREEN TS, HRICEB W T3, Ca*™, Mg*™, Na*, SiO»ENHEA*TRY, ki
RIBIKEH ORI NV N3 TaR%E, AR, YT 4 F, EEE>TE ) arA |,
HANVFAL L, MM—23—3%a2F 4+, 70T P ETHEHHELOEBRIZOWTRT— 2
@y (JEEE, 1975) 6, = I TIRERIICTRT KIG % AV T & D8R % #iHw 5 (W.Stumm

and J.J. Morgan 1970) 7
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Table. 13 Equilibrium constants used to establish stability field of minerals”

(1) Na-Feldspar +H*+ 4 +H ,0=-+Kaolinite + 2 H, SiO, +Na*K=10" '*(25C, latm)|
(2) 3 Na—Montmorillonite +114H,0= 3%+Kaolinite + K=10"%1( » ")
4 H,SiO, +Na*
(3) Ca—Feldspar + 2H* +H.O=Kaolinite +Ca** K=1044 ( » ")
(4) 3Ca —Montmorillonite + 2H* +23H,0= 7Kaolinite + K=10"""( » )
8 H,SiO, +Ca** )
(5) Kaolinite + 5 H,O = 2Gibbsite + 2 H, SiO, K=10"°"% »n )
(6) SiO, (amorphous)+ 2 H,0=H,SiO, K=10"“% ")
(7) CaCO,{calcite) =Ca** +CO, K=10-83% » ")
(8) HCO, =H*+CO, K=1071%% ")

*Ca —Feldspar (Anorthosite) =CaAl.Si.Os Na —Feldspar (Albite)=NaAlSi;Os
Ca —Montmorillonite =Ca0.33 A4.67 Si7.33 O,{OH), Na—Montmorillonile =
Nao.33 Al2.33 Si3.67 O,, (OH), Kaolinite=Al,Si.O; (OH), Gibbsite=Al,0,,

3 Hzo
Ca-Feldspar
16 -
\ .
z e
14 S 10 £
= )
F] Na-Feldspar =
12 + £ 8 1 2
o < =
o S g
a £ $
' l o e ' o 6 . 1
o z zc
T @ (&) a o~
a = ' \.\&\ o
o~ 8 -1 w T 4 1 . & ." &
a o @ o
a = I &
o a &
6 - 2 a o
G} . 3
Kaolinite Kaolinite <
T T T T T 0 T - r
5 4 3 5 4 3

Fig. 30 Stability field of Ca'* bearing mineral
phases calculated from equilibrium

Fig. 31 Stability field of Na bearing mineral
) . 3 phases calculated from efuilcbrcim
constants given in Table 13, constants gwen in Table 13,

(®:GUI. X KIAN) (®GIJI, X KIYAN)

Ca* BUEMNEERE B+ X —3012F T, Ca—E>E) vt4 bidpH,Cay SiO D& WG
BTRETH D, BRTIICa—FrE)VOFA P EAF)FA P ®FTREIAHICEHRL TS
BY, Tk, KOEEEIFIZE > TEBENTILL TLEDLL LV, HROMT AKPNCa™
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Si0;, pH#F 2, TN LM 5T ARG RIZLE > THIEI N TWEZ L2 )bt 5,
BERRTIE, 74 FAL FPOFEBICA-TWRITFNREDL, 7200 7% ) DED carbonate -
rock 2 LRI N T THEL VERIITEL W,

Na# FUSOLER B Z K311 T, HRIZBW TREENONaEEIZHCO: & IENHE
HH 1, silicate rock? b EHT 2HAHH 2 LELNL, HRKOREINa—E> ) oF 4
FEAX)FALOXFETEHEBIC 7wy FE3NS, BERRTIEAA Y A4 FDfEBICABITI
YL HCO; Excess Nagmda MBI L 2 Vo TEL WERIZ TE 40w,

HKRIZBWTLTOBED A 4 > disilicate rock HiEHT 2 L £ 2 5 LSi0, BAV%A o
T, —H#bl carbonate rock 7 & fit#8 X 413 A, Ritsilicate rock Dz & » CHEWB L2 ) #
h, BORET 52 & b#2 515 (RW.Luce et al, 1972)¥ = 2 1) #hE Rt WK THE
T200L LAy, iz, BEROMTAMBIE, 24 )F L))ot A PoRIGICE
LESpREVEBbLIL, KBS (19763 ko Catt, Mg, Na*, K* o E#iE = £ lE
LTBY, /A KRRICLEMTRKENDFLELEETLLENSSL ), T HLDK
FHED LI LR TIERICRFFEN T 200HETH S,

5—6—3 ALYA b EOFEHER
HIIH A+ DRBIEL Over saturation
CaCO, +H*=Ca** +HCOs ]

iy =09}
TERbLEN, ZOROTHERI & %0 25°C )
K=—"2 % 102 (25¢, 1atm) g o

THb,Z 2T la™, @uco;, a" {IFNT

pH = pCCl

iL@Tlﬁ"?fi@iE%’C‘i) 60 iﬁﬁﬁ?ﬁ%? t # Under saturation
pH—p(Ca™)= 2 +p(HCO;)

+pyHCO; + pyCa” g i
%%, 22T (Ca*), (HCO:) 134+
> i, pyHCO: kyCa 12 G BIFH T4 9 . - -
# > 8% % fv» T Debye —Hiickell o# o HCO3
WL OFETEL, ERREERIIETD
# %% pH—p(Ca*) ~ p(HCO:) Riz7R Fig. 32 PH —pCa ~pHCO, diagrams
3 (H—32), Wit s o TKIZ A LA b calculated from efuililrium
XL T L L i, ReBiEfith b, constants given in Table 13,

(0; GIJI, X KIYAN)

5—7 HEHER:EROHFKOKEMEAR

ERREEROFAFKROKEMEEZA B2, FOERTEE->TXF—FA X T T LTEFERL
12oHFIZTH S, BRI EERMA L AKEMEIZCa(HCO, ), B AL, L LERBROES
HROEE THEORAFICLIVAREL ) L& 2 NaCIIZBTT 2 L 252056105,
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100

Fig. 33 Key diagram concerning chemical compositions
in ground waters on GIJI and KIAN

6 F®

TR AR & ERIRERB O TR 2 GBI 2 T-> TROZ LB LRI L2,

1) ERKRERBOM T KIIRANOME £ BURICZIT, Morsd LAz T iz EHL, Cat,
Mg, HCO;, SiO,, Cl-, Na*Z & A + v BEIZAL, K/ A BEIIHMKT S,

2) AREMBCIEMTKIIRNOBE L BURIZZIT T, Moo TH KLY LAT S $ CloBiE
EOHEZEL, {LFERTDBEIRENEI DI L —FL TS, LALARD L I LKA
ERMICE > TIRELBELZTIHLFERTLET 5, 9 HI0B DA BIEE%Na=Cl- A # ~
BEZFEFEED 2#EICLBML 72,

3) ¥ HEOBRIZE AR TNaY, Cl, Ca™, HCO;, Mg*, SO, 3 HEICEWIENH
BRI H ) B8 A HICT B, K ESOTizoen 4 e &S n DM %2R LTE)
ZHIZL Tw3,

4) ERRTOERSHEOBRIZEROHEL b - THNa* & Clm i3 IS EOFEBE E VA
Ca**X°HCO; L I3 AOME L, HRKEBRE->TW3,

5) KNIERR, AL LML L BESBML, (LERSTOF TIRBBENEILE TS, i
HRIZBOTIIBELECELLBL v,
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6) Ca* EClr o BIZERE, HRXLICEEETH L5, HCO:, SiO,, Mg, Na*, K*iIH
ROBEHBBETHY), SOFIZIHZIEERROHEIFE Y,

7) BEXIZHFKEZLEHBEA LT, Si0,, HCO;, Ca*, Mg*, ClI-, Na*tD & A £~ iBES*
*x (AL, Kb, SOTA4 4 > MBS md L7z,

8) SOTIFH A TIRERRIC BB HEKRA LB ZOBE RS L, K & EHE
Mg h 5, —HEBRTIICa™ L HWENEM S Y, AKELVCaSO, & LTl L THRS
LHERLNS,

9) WHEYL X OBBERI L THEAMERE E 2 5726H®%Ca*, Mg™, Na*, SO;, K4 rico
WORETL, B#Ca I3 EKRTHCO; £ D FRL, FREMIMgNa'lck » THibILTEY,
Si0, L HCO; I3 TE#HEEA A D, F 72Ex. Nati3HCO; & EEDHEEA H 5, ZiiithitiEion x>
BV OFA F AT ) FA P ZOLEBENERER NS,

% 7:Ex. Mg LR EEMnCa DA Ao RIpEZ 2 bILs, S5ICEx K ¥Ex.SOS ¢ b H
KRIZRTEVAEE2RL, KIS BEML S <, SOTIZZUILICIZEMmL & wWlmA» B 5
. 5,

10) BERTOBESH/EL LA 7T LTRL, ERTREFKNDEALFIZLE > TZoN0E—
IDBB Tk ETRLIE,

& £ T ®W
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