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Chemical Composition of Groundwaters in Sengoku-bara Moor, Hakone
by
Toru AwAYA, Tomio HIRANO and Kisaku OGINO

Hot Spring Research Institute of Kanagawa Prefecture

Hakone, Kanagawa

(Abstract)

The groundwaters of the Sengoku-bara area are chemically classified into two groups., Waters
restricted in volcanic ash layer are rich in sulfate \20.3~48.8 ppm), whereas those in the moor deposit
are poor in sulfate (<{1.~8.20 ppm) and rich in bicarbonate (40.6~187. ppm). The groundwater of
the moor is supplied by meteoric water mostly derived from the slope of the lava dome called
Daigatake, which is covered by volcanic ash. When the groundwaters from the volcanic layers
predominating in sulfate come to contact with moor deposit, they become to be rich in bicarbonate
associated with decreasing of sulfate. The partial pressure of CO. in the groundwater system is
calculated to be from 10-2.78 to 10-1.42 atm, being relatively high in the moor deposit than in the

volcanic ash layers.
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AL E I AADM T ADOYUBFEEES =012, WEARREON RSBmO Y F A=A
—i12& 3 9RO IIE CEZEAA TAMBERICE LT 2 1), ALEIERMOECET,
HTFICIER SN 3enfHfRICE3. oM AL 2R PV —F—TH D,

®1 A A K ff M E @ (BEfus14£12 4 2780)
B-1 ' 658.108 657.850 | 65.318  2.532 | N5  655.470 655.258 655160  0.098
B2  660.080 650.590 | 657.862  1.728 | Na6  656.960 656.650 656.635  0.015
Nl l 657.784 657.423 | 655.260  2.163 | No7 | 656.153 | 655. 743 | 655.757 | —0.014
M2 | 654.985| 654.937 | 654.267  0.670 | M8 | 657.720 | 657.435 | 657.217 .  0.158
M3 | 65.438 | 654.855| 654.710  0.145 | NaO | 658.380 658.135 | 656.790% 1.345

(R AL EEEEHARR

M4 | 655.005 | 654.732 | 654.671  0.061 - i : : :

2 #TKirEERR (BME1F128178WE)
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BEOHRINIME L H 5\ MLy v FEDFS CRDOBAMENR L 200, FEERBICAGIET ¢
IREL D o7 CNEDI97D, LT, MTFAEOZERS L CERE L TEEARAE
EEEBARERRON 2 b ILAKRETOBMSIEIZAZTAED L OEFIFL 72, EE0mMDE—Y
Y73 (B—1, B—2) Okfrd ERORIcmE = (F1), '

B 2 1 LR RO A M ERERE L BT, THIC L3 LBTAIEE 5 BHES b ILEICH -
THTFLTL BT LHHS 2 TH B,

ZL T, IECHOFZE T o — b FTAIBENE#I-FKHL TS,

EBROKE

8K SUCHTEE NI B 3BTRS ORI AN L BRE— (1975) 1= & VL bhT
VA3, Thizh LD EIEEMADIRAMES £/, = bIcHEEEIOM T A LIAL, 3
14887 % 8k L 7= 1),

AraDFEBHIBA T, Bia®EEHIRTIATH B0 CrePEEHIAMBRLAORAT, —ht
VYRT 744~ TFBLTHNL o D1l TERHEEHTTED 1 — & GH 2 R 7= EoHin
BAIDKTH B,

SHiFE pHIBBIC B A HEEL RREICBI 3 pH X — 5 —Dfli 2 047, ERBEMI
180°CTHE, K*'(#V v a4 4y), Nat(F by v aqf4y), Mg2* (=7 3v v a4 +yv), Mn2+
(=¥ A v 45 2) BETFRAIEEE, Ca2t(hry va442) IZEDTAIEE, Fe2t (84 1)
ldo—7 =3 btuy vriufapk ClrOE%E/S 4 ¥) 13F 4> 7 vEBkBHERE SO.2- (g 1 £ )
BV va—eY) @k ZHCO;-(#KEE =H.CO;+HCO;~+C032-) 13iEREiEE, NOs~ €52
147) 37y vk HPO (Y YBEA 4 ) 132 77 vB—SnCLUE(LE—8) Hadk:,
TH,SIO (Y 18D 132) 75 ¥ 7 v —Dlfarh, COD (LEMMENER) 1 3HMmBEKMO,
G~ AYBRH ) 7 &) —5HEEKIC & BHEETRD -, '

#R

SHTRERIIE 2120 BT, BR50E11 A2THOHIE T, KiBIZEFA (8.4~11.2°C) & v $ K
(11.3~15.0°C) DHH\L &0\ pHIZ 6 ~7 T, BEOEEMPHA~5 GEIISE) =< b~
TRRE

WEFREOH T ANARE pH, Peor (REEAANE) LOBFHEER4IZLHT. Thab bk
D pHIZ Peoalz & » TR E BN TH B4, Thit Lo HTRE S N5 L ABIABIMETL, B
HROBHIDRBIZ DN T Pcoz 284+ 50T pH 2 LH-F %, pHIZIEEADKE Fifik & #iBxK
BAO IS B AL B,

WA B RO T A DREIFRIZT. 2~239. Tppm T, FT4 SHCO;- & SH,SI0 M HRA O,
BEOHTADE {4l (ELEHE) 12Ca2t, Mg2+, K++Nat 23 E A &AL LETHS
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A | A | As | A« Bi| B: | Ba | co* | Cor | Co* | Cor | ot | Cor | Du
X b | & K ; " | n" i n" | Fifik " ! " ‘ =P E N n" " ! n" " n JINEI]
24 K A !50. 11.27 n i " " | n " : " {51. 9.20 " /2 /A A " n
x W (CC) | 124 | 15.0 | 14.7 | 11.3 | 11.2 8.9 8.4 j | 16.3
pH (B, le@ik] | 5.9 | 5.7 6.1 | 6.8 | 6.6 | 6.4 ' | 59 | 65
pPH [(x—% -] 6.20 | 6.00 | 5.95 | 6.57 | 6.96| 6.83| 6.80 | 615| 64| 6.15| 6.04 654 632 7.21
R (ppm) | T1.4 | 144, 76.1 - 68.7 | 123. 99.0 | 86.9 | 79.1 | 83.1 | 58.9 | 65.2 | 86.9 114  168.
K+ (ppm) | 0.85| 1.52| 0.60 0.71 ’ 1.75| 152, 1.30| 0.75| 0.60| 0.15; 0.52| 0.15| 1.30| 1.45
Nat (# )| 38 631 360 ! 3.33| 5.57| b5.21| 4.87| 4.67| 4.06' 4.27, 3.72! 4.43| 6.05| 6.47
Ca2t ()| 8.73. 18.8 8.57 7.71| 14.9 113 1105 9.55| 8.3  6.13 510 11.4 | 18.0 | 18.2
Mg2+ (7 )| 410| 5.71 2.soi 3,07 | 5.13] 4.82 | 4.40| 3.73| 858 3.20| 2.46| 11.8 5.94 | 5.52
Fe2r (7 )| 0238 007| 0.2 122! 037 o092 o.64
Mn2+ ( # )| 0.05| ¢0.01| ¢0.01| 0.15| O. 05, 0.11| 0.02| 0.01| 1.32| 0.51| ¢0.01| 0.87 | ¢0.01| <0.01
Cl-  (n7)| 220] 6.40 2.20! 2.12 6.24! 5.24| 4.68| 1.60| 2.08| 1.80| 2.20! 2.32| 4.60| 6.52
S042- (/)| 4401 34.1 8.20 3.90 | 28.0 ' 23.8 | 20.7 5.65 | (1. Q. (1. Q1. 20.3 | 48.8
ZHCOs~ ( # )| 51.0 | 5L.1 | 40.6 ' 44.3 | 43.8 | 36.6 | 39.0 | 58.9 | 187. 47.2 | 41.4 i105. 71.1 | 40.7
NO;~ (7> 071 0.64: 0.13. 0.30] 0.19 0.30! 0.51. ¢0.01. ¢0.01; <0.01: ¢0.01 (0.01{ 0.44, 0.96
H,PO,~ (n )l o 003 (0.001 o ooai 0.003 0. 009& 0.003 0.016] 0.003] 0.003{ 0.006 0.013i 0.006| (0. 001% 0.025
SHSIOy ( #) | 38.5 | 542 | 43.9 ! 20.3 | 42.0 | 37.4 | 23.3 | 5.0 | 27.2 | 39.0 | 49.7 = 34.8 ! 66.2 . 78.8
COD ( # )| 0.05i (0.05 <o.osi 01| o1 0.1 | (0.05| ¢0.05| 0.5 0.1 0.7 | 0.5 0.2 ‘ 0.2
total 114.6 |178.9 | 110.6 | 87.2 | 148.1 !127.3 109.9 1135.9 |239.7 |102.4 [105.8 %171.3 l194.1 | 207.6
log Pcoy (atm) | —1.95 | —1.85 | —1.95 - —2.31 —2.57 ' —2.61 | —2.56 | —1.84 | —1.42; —1.94 L —1.94, —1.71 . -1.79 | —2.78
1 04 v 2.:>,><10_34.9><10_32.1><10_3'2.o><10_34.1>;0_3i3.4><10_33.2><10_32.5><10_33.9><10_31.7><10_31.4><10_34.2><10_34.5><10_35.4><10_3
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(®5)o C2 CsDRFRHIME?HZE A, ThH12THCO;~ %% < (187, 105ppm), Mn2+ %\ (1.32,
0.87ppm), &1 * vl (EAEHHFE) TIIZHCO; NDEEHMIL A ES0BL LE HHS (K6). &
BEAO#HTRIZREMEOREFHEL Y b REMEI G SN 5O TIHCO; HE L AFh 5, Dild
HEMARDO o — 26 GE1BE 2XG/NMNIOKTHY, v—sBNSOLICELAKEE KL T
W3, LYL,BETIIEORBOLEFICL Y TENTOSHEBMEIZS02- 2 LAV BAT A,
THME O 5 & 2R, SO ISTICEit SN, ZNICREIZHCO,- 2 RESEBNDTH B,
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pH & Bl H A E (Peos)
BEO#HTADPHIE Pcoziz &k 5 TEBH BN T B, #1TFAD Peoy 12 REBME D BIERE L pHIC &
S TN EIIZKDON S,
(i) pHLE.5ML &, T4bb [HCOsl HEMNL &,
log Pco;=log CH,CO;)+pKp
[H:CO;) =mH,CO; » yH,CO; (H.CO3=1)
ZZic [ JER mizerBE, ridEERE Kpli RERAZROKIIHT S EMEERE L
7,
(ii) 7.5<pH<L9.20 & &, Fbh b [(HCO; ] HHEBNL &,
log Pco,=—pH+log (HCO;~])+pK;+pKp
(HCO;~) =mHCO;~ « yHCO3~
yHCO3~=0.93~0.96 (1 * v HE L Y RKH D)
(i) pH>11.5m& &, b b [COs%7] HEBNL &,
log Pco,=—2pH+log [CO32-] +pK;+pK:+pKp
ZZIZK1, K3 RBOBEEERTH 5,
pKi, pK:, pPKpdEBIIEEIZ L VZE T35, HELGESON (1969) iZ SMIFEHIIZLHTHEY T
H5
BEOHTAIZPHE ~7 T(iDE(HDDFMIZH Y, %D Pcoq i3HKER CZ'HC03“) % mH,CO;
EmHCOs lzh D 3o THEL, (1DBIUUDOREVEEZRAL .
pH & Pco, L DEHZHTICL T, Thbophiis ZHCO;~=0.5~1.0x10"*mol/ ¢, £/E1
atm, 0~20COFEHHE TH 5, BENHTAE 70y tF2LHTOHBICILD>THY, F
BREIZH B LR B,
Cz, CsmaEHilog Pcos A5 < (—1.42, —1.71 atm), Mn?+PFe?t § £\, Fe?* 2D\ Tk
HEARATHY IV KT 74 A5 —TFBL=DRETE L o 724, FREOKREII KB
DOFBREDETANEL A EDONEERILHETE S,

. Kp
£ 3 KEBOTEER CO,(g) +H;02H,CO;

0°C l 10°C | 20°C | 30°C | 40°C | 50°C Kp = _[lipz%’i pKp=—log Kp
2
K:
pKp | 1.14/ 1.27] 1.40] 1.50 1.60, 1.70 H,COsH*+ HCOs-
pK; | 6.43 6.40| 6.35 6.33‘ 6.32 6.32 K, = [H[?I?é_go]s—] oK, =log Ki
PKz ' 10.5010.42 | 10.35 10. 2el 10. 23| 10.20 K 3
. 2
! . - + 2-
(HELGESON 1969) HCOs"eH +Cos+ CO.2-
K, = (H)(C0527) oK, = —log Ko

(HCO57)
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-1 T 1
(atm) eC2
|ogPC02
(20°C) \( eCs
(0%C) A2 §' e
-------------- P W 14
-2} (207) N CCs 7]
| __(0°C)
1
6 8

7 pH & Pcox EDBER
4F latm, E#HI3THCO3-=1x10"3mol/ ¢, =Hfi32HCO3; =5x10"4mol/ ¢
12854 3 PR

HYOEEICEEST 3RS

EHOEEIZIIN(ER), PO ¥), K(#Yva) $23SI(5 1 %) HRIEL shd, EEDH
FTAIZEZINTOAINLDOEFIIRADEBY TH D,

AR DT, Ni30.22ppm & B\ . TRABABWLERY, v—ABICHEKT 2 L0203 58D
BEZETHLIATH S,

POEGFEIZT~T0.01ppm L FTh 3, COD 13iERFEL TV 3 ARMENELTH 5, BHIILA
DiRKiZ COD AT iodH 34, FEARLRHRAIZIEFIZS L,

WA TILEFRE L EXEOER 2 N0.2ppm, P0.020pmTHEHL T3 (FH1942), BE DM
TAIED 1AL SOEENRSOY, 1FEAALHEFERIZEL T3,

X4 HYOFEICHET 5N (ppm)

| N | P K si coD’ N P K | si | cop
A, ’ 0.16 , O. 001 0.85 11.2  (0.05 v C: (0.01 0.001 0.75 14.9 = (0.05
A 0.14 i (0.001 1.52 15.8 , €0.05 C2 0.01 - 0.001 0.60 7.95 0.5
A3 0.03 0.001° 0.60 12.8 - ¢0.05 Cs (0.01 0.002 0.15 11.4 0.1
Ay 0.07 0.001 0.71 5.93 0.1 Cs (0.01 0.004 0.52 14.5 . 0.7
B 0.04 0.003 1.75 12.3 0.1 , Cs ¢0.01 0.002 0.15 10.2 ° 0.5
B2 0.07 0.001 1.52 10.9 0.1 | Ce  0.10 (0.001 1.30 19.3 0.2
B 0.12  0.005 1.30, 6.81 (0.05 D: . 0.22 0.008 1.45 23.0 0.2
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EX )

WA FEREOKEIZZHCO; ICE A, S0.272MF LA LRV DL, JHCO;™ & SO, A IS
(EINTWBLODOREICHETE 3, SO DHV L DIE v — 4B & OXUHERICERT
3LDTHS ). ABDUIZDBITH B, BEADKIL, ZDOKDEFERIIC & 5T, Peo, EAL
»LpHICHEL2ZT O 5, BEANBEREELFOKIL, HBEEZ EOERICEY SO.2- 243
LAELRL LY REBWE ML, Pcos e 7\ pHABET T3, &kt A, C: 4w &idZo
KTHD, BEATLRIAAL Lo THNT
WAk, REISHTH S ORFMOREIZE
Y 72\ Peop 84 2 CTpHA RT3,
HEB1 E13 ZnBITH B,

BEFEICBT 3T AOETALZREICL D
To B2 Ay HOME L BHR L CREFICH
ATHI0LErBEOMEICREL TREIC
BOWTHEHTILOBEBEL TEHIZRI~
MFL OB EfEEENS,

BEOH T ADORERFNIT DL, 13
LALARBIIHEEINS,

8 BEMFINOHTAETL
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