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pH and Partial Pressure of CO, in Subsurface Thermal Water.
by

Toru Awaya, Tomio HiraNo and Yasue Okl

Hot Springs Research Institute of Kanagawa Prefecture

Hakone, Kanagawa

(Abstract)

Most thermal waters of the Hakone and the Yugawara hot springs form precipitation of aragonite and calcite
in the pipes of the air-lift pumps. If we assume chemical equilibrium between calcite and thermal waters, pH and
partial pressure of CO, under subsurface conditions can be calculated.

In a hot spring well (Motobakone No. 19) at Kojiri, Hakone, a submersible-motor pump is equipped for
replacement of an air-lift pump.

As the thermal water is discharged by an air-lift pump, partial pressure of CO, decreases from 0.56 atm at
subsurface down to 1.1X10~* atm at orifice associated with pH of the water increases from 6.24 at subsurface up
to 8.1 at orifice. As the water is discharged by a submersible-motor pump, the difference of partial pressure of CO,
between subsurface and orifice is very small, that is 0.69 atm at subsurface and 0:18 atm at orifice. The difference
of pH between them is also very small, that is 6.21 at subsurface and 6.5 at orifice.

As the themal water is discharged by a submersible-motor pump, the subsurface condition is fairly well fixed up

to orifice.
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RRH | ® & Na* | Ca2* | Mg | S Fe ot SOf ®aEF f#% H E& | @

v (FRB)| (m) | (%) | (%) %) | (%) | (%) (%) (%) (mm) | (C)
YG 17 | 730725 | 0-6 39.49 | 0.006 | 0.24 | 0.027 | 59.97 T73H4 L | A, &Y 3.0 | 78.0
YG 17 | 730725 | 50-55 | 0.14 | 38.82 | 0.011 | 0.06 | 0.071 | 58.20 | 1.89 ANHA b ITHEB, HbAO| 1.0 | 78.0
YG 26 | 731108 | 22-28 | 0.18 | 39.38 | 0.003 | 0.19 | 0.013 | 58.23 | 0.19 | 75344} ff, &g 4.5 | 76.5
YG 31 | 731109 0.25 | 39.26 | 0.002 | 0.20 | 0.004 | 58.67 | 0.67 |73244} " 5.2 | 8.5
YG 75 | 731026 0.5 | 39.03 | 0.004 | 0.26 | 0.014 59.62 | 0.00 | T7FTHA} " 1.0 | 79.9
YG ol | 730628 | 0-6 | 0.41 | 38.29 | 0.010 | 0.28 | 0.364 | 57.62 | 0.00 T7aH4 L | %, a0 2.0 | 76.5
YG107 | 730510 | 66—72 38.61 | 0.008 0.032 | 60.10 | 0.6 |[T773+4} | A, &Y 1.2 | 72.0
YGI25 | 731109 | 39—44 39.36 | 0.004 | 0.25 | 0.000 | 60.16 T73+H4} " 5.0 | 88.0
YGI26 | 730719 | 0-6 41.09 | 0.018 | 0.38 | 0.068 | 57.84 | (WM) | 754} " 1.0 | 58.5
YG126 | 730719 | 0-6 39.56 | 0.019 | 0.08 [ 0.076 | 53.70 | (SMH) | HAHA } HLRDARK | 3.0 | 58.5
YG126 | 730719 | 33-39 | 0.29 | 37.73 | 0.008 | 0.29 | 0.119 | 57.18 | 0.7 T73F40 | IT%E KB | 1.3 | 585
YGI28 | 740612 | 0-6 | 0.20 | 39.02 | 0.002 | 0.22 | 0.030 | 59.09 T73H4F | A, &Y 6.0 | 86.2
YGI32 | 730614 | 0-6 38.57 | 0.034 | 0.14 | 048 | 58.18 | (WH) | 773F4} | %8 bao 3.0 | 64.0

(M) | A4 b

YG133 | 731022 | 28-33 39.52 | 0.009 | 0.20 | 0.017 | 59.16 T7aH4 | Ak, & 2.7 | 4.2
YGISL | 730501 | 0-6 | 0.73 | 39.83 | 0.003 | 0.22 | 0.008 | 59.09 | 0.3 | 734} " 4.0 | 8.8
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£2 Ca-CO,RNDEMEH (HELGESON 1969)
25C 50 60 100 150 200
K,
H:CO3 = H*+ HCOs~ pKi 6.35 6.31 6.32 6.45 6.73 7.08
K,
HCOs~ = H* + COs32- pK:  10.32 10.17 10.15 10.16 10.29 10.68
K.
CaCO; (A 144 ) = Ca* + COs2~ pKc 8.37 8.62 8.74 9.39 10.25 11.37
K,
CO:;+ H:0 = H,CO; pKp 1.46 1.70 1.78 1.97 2.07 2.06

pK=—log K



217

HWTFIZBIT8kDpHIZ, #7244 4> (Ca?) L#kEE (2CO,) NDBEL &IEENIKRD
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(1) pH<pK,DE &

sz% (pK,+pK,—pKc—1og=CO,—log v, co, —logmica- —logycar-)

(2) pK,<pH<LpK, D &
pH =pK,—pKc—1logZCO,—log y nco, —logm ca:- —l0g ¥ car-

72721, SCO,=mucort Muco+ mcoy, M (FIDENEE, yidiDEERE T+ @ELY KD
72,
W BT 2 8KDEEEY Z5EE, ELNpH#EEM L KRIZRAL TiHESI NS,
logPco,=pK,+pK,+pKp—pKc— 2 pH—logmca:- —logyca-

E LT

1
THBRIILRD
i R kA,
1981)




218

THRIISR

MIUNFEFEIALE S 5B AOTTAHR1IT RIZEEF41FE (1966) IS < Sz (K1, AAKRS1981),

ZOIRRIIEESITm, RE525m, BKAL120mT, LEFIIKWAOLT—1) 7 b RS 7 THIFL T,
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DRH CEEEHEIC & 2 RE#AKDDPH, RERTAGEDHTEME) 2T IHEICEINL.,

BRFIBENGE T, BEDKPRY 7HETIHSEEICLBRYIIAELT, ToROPHIERE
BThbI»ICHBPRLND EDETH D,

TCAEIRI9 T RIZFERIBR D HE CHEINFNERBIBFHBIERICXSE NS (Oxiet al 1970), K313~
LWRNEFFERL, AZZT—) 7 R 7T, BRI3KFRY 7OBENGETH 2, WE
Y 5L, BHOIKCBITHMFROPHIIS. 1256 5ICET L, ERERA 4> (HCOy) i2LIATL Y
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I2& > Tk,
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(BBARS1971CNE) . THRIITRAPDHE 7wy 5L, 27— 7 FR>7 (AP) DBithE

%3 THERIIBROSITRR LT OpHZE LD 1.9 K&, KPR T

(SP) MEgidiF & # T DpHZEALIZ0.3 & /s

A B . .
© % Gw) AP spss B, KFRHY FEMTOREEHES TL
#KB ((£BB) 670224 830110 CHEFFL TV 2ED2bh 5,

s E (c) 57.5 60.7 o
BaE (l/min) 79 56 1213liﬁ11/“/'7£vf * > (Ca’*) m?ﬁg&
pH 8.1 6.5 H, HAGIENBIFRZRT, T 19
SRAEN  (ppm) 1269 1315 pH, REgs 245 55{7?‘75’?”’" FirR19%5
& & (n) 1584 1627 ROLT—Y 7 MRy 7HiBENEEL, #ki
o o .08 005 | T (B BV CHEEDHS. 2, HSERE
Na* (n) 88.5 99.3 A ASED. 56atmTH ), FhrsiE (AH)

Ca?+ (n) 140 136 ms
Mg?+ (n) 81.9 89.8 l_?ﬁ(%gﬂ.é kaSl, ﬁé@ﬁx%ﬂ;llx
gie : ; 13-26 11~28 10~ *atmic AL T 5, KPR 7HB TIIHT

- n . .

S0z~ (n) 381 389 I BT 2 8KkDHEEPHE.21, #HEE KRBT 25
HCO3 (n) 606 645 . - 3ay
H,Si0s (n) oa4 236 E0.69atmTH Y, #FRICEB\TpH6.5, KEE
HBO, (n) 6.13 2.44 A5 18atmic e 5, T4 bbb, =T7—1)
Pco, (%) (atm) 1.1X107* 0.18 .

4 :ro; Y 3 o 0.0293  0.0325 TERYTTHT P HHMRICHBBET S &, #
ycat 0.53 0.51 KkOpHIZ1.9 LR L, REEY Z5EIZ1/5000
7 HCOs 0.84 0.83

pH (e TFo#Eil) 6.24 6.21 RS TBNT, 7734 b ERizHANY

Po ) o 0® A FAAHEL STV L, kS 70




219
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